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A b o u t P e a n u t C R S P 
T h e Peanut C o l l a b o r a t i v e Research Suppor t P rog ram i s a n in te rna t iona l p r o g r a m suppor ted b y U S A I D G r a n t L A G - G -
0 0 - 9 6 - 0 0 0 1 3 - 0 0 to T h e U n i v e r s i t y o f Geo rg i a . The research suppor ted seeks e n v i r o n m e n t a l l y sound , sustainable 
a g r i c u l t u r e p r o d u c t i o n and f o o d d e l i v e r y systems for peanut. T h e p r o g r a m has f ive thrusts address ing p r i o r i t y 
constraints to the g loba l peanut indus t ry ( a f l a tox in , p roduc t i on ef f ic iency , soc io-economic forces, postharvest processing, 
and u t i l i z a t i o n ) . Peanut C R S P also w o r k s to foster h u m a n resource d e v e l o p m e n t and the c o m m u n i c a t i o n o f research 
resul ts . 
T h e Peanut C R S P p rov ides suppor t fo r c o l l a b o r a t i v e research, t r a i n i n g , and exchange o f i n f o r m a t i o n t h r o u g h grants t o 
10 un ive r s i t i e s in U S A l i n k e d to 14 host count r ies in the d e v e l o p i n g w o r l d . B o t h host count r ies and U S A are expec ted 
t o benef i t f r o m the ac t iv i t i e s o f Peanut CRSP . Peanut C R S P a c t i v e l y col labora tes w i t h other o rgan iza t ions w i t h interest 
i n a d v a n c i n g d e v e l o p m e n t t h r o u g h the a p p l i c a t i o n o f science and t e c h n o l o g y . 
T h e s e m i - a r i d t rop ics ( S A T ) encompasses parts o f 4 8 d e v e l o p i n g countr ies i n c l u d i n g most o f Ind i a , parts o f southeast 
A s i a , a swathe across sub-Saharan A f r i c a , m u c h o f southern and eastern A f r i c a , and parts o f L a t i n A m e r i c a . M a n y o f 
these coun t r i e s are a m o n g the poorest i n the w o r l d . A p p r o x i m a t e l y one - s ix th o f the w o r l d ' s p o p u l a t i o n l ives in the 
S A T , w h i c h i s t y p i f i e d by unpred ic t ab le weather , l i m i t e d and errat ic r a i n f a l l , and nu t r i en t -poo r soi ls . 
I C R I S A T ' s manda te crops are s o r g h u m , pear l m i l l e t , f inger m i l l e t , ch ickpea , p igeonpea , and g r o u n d n u t ; these six 
c rops are v i t a l t o l i f e for the ever - increas ing popu la t i ons o f the S A T . I C R I S A T ' s m i s s i o n i s t o conduc t research w h i c h 
can lead to enhanced sustainable p r o d u c t i o n of these crops and to i m p r o v e d management of the l i m i t e d natural resources 
o f the S A T . I C R 1 S A T c o m m u n i c a t e s i n f o r m a t i o n on t echno log ies a s they are deve loped t h r o u g h w o r k s h o p s , n e t w o r k s , 
t r a i n i n g , l i b r a r y services, and p u b l i s h i n g . 
I C R I S A T was established in 1972. I t i s one of 16 n o n p r o f i t research and t r a i n i n g centers funded t h r o u g h the 
C o n s u l t a t i v e G r o u p o n In te rna t iona l A g r i c u l t u r a l Research ( C G I A R ) . The C G I A R i s a n i n f o r m a l associa t ion o f 
a p p r o x i m a t e l y 50 p u b l i c and pr iva te sector donors ; i t i s co-sponsored by the Food and A g r i c u l t u r e O r g a n i z a t i o n of the 
U n i t e d Na t ions ( F A O ) , the U n i t e d Na t ions D e v e l o p m e n t P r o g r a m m e ( U N D P ) , and the W o r l d B a n k . 
The opinions in this publication are those of the authors and not necessarily those of International A r a c h i s Newsletter. 
The designations employed and the presentation of the material in this publication do not imply the expression of any 
opinion whatsoever on the part of the Newsletter concerning the legal status of any country, territory, city, or area, or 
of its authorities, or concerning the delimitation of its frontiers or boundaries. Where trade names are used this does 
not constitute endorsement of or discrimination against any product by the Newsletter. 
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F r o m the E d i t o r 
T h e w o r l d g r o u n d n u t c o m m u n i t y suffered a great setback 
th i s year w h e n i t lost t w o o f its col leagues t o c rue l hands 
o f death. D r M a r f o f r o m Ghana and D r Escano f r o m the 
Ph i l i pp ine s p l ayed a s ign i f i can t ro l e in p r o m o t i n g g r o u n d -
nu t research and d e v e l o p m e n t i n the i r count r ies . T h e i r 
presence in r e g i o n a l fora and other mee t ings a lways 
b r o u g h t l i f e and dep th t o discussions because o f the i r 
vast exper ience no t o n l y i n g r o u n d n u t c rop bu t also i n 
genera l a g r i c u l t u r e o f the i r count r ies . T h e I A N f ra te rn i ty 
sends its condolences to the t w o f ami l i e s . 
W i t h so m a n y th ings happening this year in succession 
a t I C R 1 S A T , the p u b l i c a t i o n o f th i s issue o f I A N , i n spite 
o f o u r g o o d in ten t ions , go t de layed . W e w i l l m a k e o u r 
best effort in 2001 to b r i n g back the schedule o f pub l i ca t ion 
to Sep tember /October . The re is a general concern about 
the l ack o f i m p a c t o f g r o u n d n u t research o n o n - f a r m p r o -
d u c t i v i t y , pa r t i cu l a r ly in less favorable areas, a m o n g the 
deve lopmen t investors. I am sure there are several success 
s tor ies l y i n g u n n o t i c e d and u n s u n g w i t h researchers, 
ex t ens ion worke r s , and c r o p processors in these areas. 
W e w i l l b e v e r y happy t o i n c l u d e t h e m i n I A N . S i m i l a r l y , 
s h a r i n g one ' s o n - f a r m research / fa rmers ' p a r t i c i p a t o r y 
research exper iences t h r o u g h the m e d i u m o f I A N w i l l be 
e n l i g h t e n i n g t o readers o f I A N . 
I w o u l d l i k e t o a c k n o w l e d g e the c o n t r i b u t i o n o f 
R B a n d y o p a d h y a y , S Chandra , S L D w i v e d i , C Johansen, 
N K a m e s w a r a Rao , J V D K K u m a r Rao, N M a l l i k a r j u n a , 
E M M i n j a , S Pande, G V Ranga Rao, D V R Reddy , 
L J R e d d y , T J Rego, O P Rupela , P S u b r a h m a n y a m , 
R P T h a k u r , a n d H D U p a d h y a y a as r e v i e w e r s of the 
c o n t r i b u t i o n s t o th i s issue o f I A N , and L e a r n i n g Systems 
U n i t , Informat ion Resource Management Program, I C R i S A T 
f o r c o m p i l i n g the S A T C R I S l i s t i n g a n d v e r i f y i n g the 
re ferences c i t e d in th i s issue. 
I l o o k f o r w a r d to y o u r c o n t r i b u t i o n s to the 2 0 0 1 issue 
o f l A N . 
S N Nigam 
O b i t u a r y 
K O Marfo 
Dr K O M a r f o , an ou t s t and ing g r o u n d n u t p h y s i o l o g i s t 
f rom the Savanna A g r i c u l t u r a l Research Institute in Tama le , 
Ghana, was a m o n g those w h o were k i l l e d on 5 June 2 0 0 0 at 
A c c r a i n the crash o f a d o m e s t i c a i r l i n e r . A n i m p o r t a n t 
c o l l a b o r a t o r and f r i e n d o f I C R I S A T , D r M a r f o p r o v i d e d 
valuable contr ibut ions to groundnut research. He pub l i shed 
several j o i n t papers w i t h I C R I S A T scientists . A s par t o f 
this co l l abo ra t ion , he spent 6 mon ths at I C R I S A T - N i g e r in 
1995 as a v i s i t i n g scient is t . 
D r M a r f o was no t o n l y a n ou t s t and ing researcher bu t 
also a g o o d f r i e n d . H i s col leagues a n d f r iends r e m e m b e r 
h i m fo r m a k i n g every occas ion special a n d ex tend sincere 
s y m p a t h y t o h i s f a m i l y . 
C R Escano 
Dr Cr i san to R Escano, 
D i r e c t o r , C rops Research 
D i v i s i o n ( C R D ) , the 
P h i l i p p i n e C o u n c i l f o r 
A g r i c u l t u r e and Resources 
Research and D e v e l o p m e n t 
( P C A R R D ) , L o s Banos , 
P h i l i p p i n e s and P h i l i p -
pines C o u n t r y C o o r d i n a t o r 
fo r Cereals and L e g u m e s 
A s i a N e t w o r k ( C L A N ) , 
I C R I S A T died on 14 A u g u s t 
2 0 0 0 . C r i s , as f r iends and 
col leagues f o n d l y c a l l e d 
h i m , had been determined to 
exce l in h i s studies. T h r o u g h a graduate t e ach ing f e l l o w -
sh ip , he ob ta ined his Mas te r o f Science degree i n S o i l 
F e r t i l i t y and C h e m i s t r y a t U P L o s Banos ( U P L B ) i n 1 9 7 1 . 
A f t e r g r adua t ion , he go t a graduate research f e l l o w s h i p 
f r o m the B e n c h m a r k Soi ls Projec t o f P C A R R D and the 
Universi ty of Hawai i for a P h D in A g r o n o m y and Soil Science. 
Escaf lo ' s profess ional career began w h e n he served as 
Ins t ruc to r a t U P L B . In 1974, he was t ransfer red to 
P C A R R D as P rog ram Specia l is t and was p r o m o t e d as 
Senior Program Specialist in 1976, and in September 1980, 
he was des ignated a s Ass is tant D i r e c t o r o f C R D after 
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s e r v i n g as T e a m leader o f the N a t i o n a l S o i l Resources 
C o m m o d i t y . A s Ass is tan t D i r e c t o r o f C R D , h e became 
c o o r d i n a t o r o f va r i ous d e v e l o p m e n t p ro jec ts o f soybean , 
g r o u n d n u t , and m u n g bean. Cr is was appo in ted as D i rec to r 
o f C R D i n 1986 , and was i n th is pos i t i on t i l l h e passed 
away . 
E s c a n o ' s e f f ec t i ve leadersh ip c o n t r i b u t e d m u c h t o the 
s m o o t h i m p l e m e n t a t i o n o f C R D ' s R & D pro jec ts . H e also 
became the Na t iona l Coord inator o f the U N D P - F A O Project 
on Reg iona l Coopera t i ve P rog ramme fo r the I m p r o v e m e n t 
o f F o o d L e g u m e s and Coarse Gra ins i n A s i a and the 
U S A I D - P e a n u t C o l l a b o r a t i v e Research Suppor t P r o g r a m 
( P - C R S P ) in the Ph i l i pp ines . 
Escaf lo was des ignated C o u n t r y C o o r d i n a t o r o f C L A N 
f rom 1986 to Augus t 2000 fo r w h i c h he spearheaded var ious 
projects on legumes par t icu lar ly on g roundnut and ch i ckpea 
tha t p a v e d the w a y f o r a w i d e u t i l i z a t i o n by fa rmers o f 
g r o u n d n u t va r ie t ies , w i t h paren t mate r ia l s h a v i n g o r i g i -
na ted f rom the I C R I S A T p r o g r a m . L i k e w i s e , a l o w - c o s t 
pos tharves t s torage sys tem on g r o u n d n u t , w h i c h was 
developed through the col laborat ive activit ies w i t h I C R I S A T , 
i s n o w w i d e l y used i n m a j o r g r o u n d n u t - g r o w i n g reg ions 
i n the P h i l i p p i n e s . 
Because o f h is d e d i c a t i o n t o R & D , Escano was 
appo in ted a s C h i e f Techn ica l Adv i se r ( C T A ) o f the U N D P / 
F A O - P C A R R D / D O S T " A c c e l e r a t e d Soybean P roduc t i on 
and U t i l i z a t i o n P r o g r a m " d u r i n g 1 9 9 2 - 9 6 . H e ac t i ve ly p r o -
m o t e d soybean p r o d u c t i o n i n Reg ions 1 ,2 , and 3 , w h i c h 
are n o n - t r a d i t i o n a l s o y b e a n - g r o w i n g areas l ead ing to 
increased p r o d u c t i o n due t o expans ion o f g r o w i n g area 
and h i ghe r y ie lds . Severa l soybean process ing p lants have 
been estab l ished, and are b e i n g managed by coopera t ives . 
The consumers also benef i ted by hav ing access to nut r i t ious 
and de l i c i ous soybean-based f o o d produc ts . Because o f 
h is accomp l i shmen ts , m a n y people cons ider h i m as "Fa the r 
o f S o y b e a n " i n the P h i l i p p i n e s . 
Escaf lo was a w e l l - k n o w n pe rsona l i t y in na t i ona l and 
i n t e r n a t i o n a l c o m m u n i t i e s . H i s death is a great loss to the 
sc ien t i f i c c o m m u n i t y , espec ia l l y the legumes c o m m u n i t y . 
P e a n u t C R S P N e w s 
I n 1 9 9 9 - 2 0 0 0 the Peanut C o l l a b o r a t i v e Research Suppor t 
P r o g r a m ( C R S P ) , U S A was r e v i e w e d b y the Ex te rna l 
E v a l u a t i o n Pane l ( E E P ) . T h e team o f r ev i ewe rs v i s i t e d 
p ro jec ts i n m o s t l oca t ions and a r r i v e d a t the c o n c l u s i o n 
tha t m a n y p ro jec ts are m a k i n g g o o d progress . T h e E E P 
has recommended that the successful projects be con t inued 
f o r ano ther 5 years , a n d those tha t are to end in 2 0 0 1 be 
replaced in an open compe t i t i ve l y b i d process. The Program 
i s i n the process o f se lec t ing the rep lacemen t p ro jec ts a n d 
w i l l sho r t l y d e v e l o p the p roposa l f o r the nex t phase. T h e 
recommenda t ions o f the E E P are to con t inue w i t h research 
in the four ma jo r areas o f f ood safety, p roduc t ion e f f i c i ency , 
s o c i o e c o n o m i c cons t ra in ts , and postharves t p rocess ing . 
The E E P report lists a number o f ma jo r accompl ishments 
from the past 5 years. These i n c l u d e : 
1 . T h e research c o n d u c t e d a t Pu rdue U n i v e r s i t y , U S A 
(Pro jec t P U R 1 0 U ) and the F o o d Research Ins t i tu te in 
Ghana has s h o w n that the h i g h energy con ten t o f 
g roundnu ts (peanuts ) i s o f fse t by the h i g h sat iety 
va lue o f the c o m m o d i t y . T h i s means that consumers 
are n o t a t h i ghe r r i sk f o r obes i t y and ca rd iovascu la r 
p r o b l e m s f r o m a h i g h ca lo r i f i c in take o f g roundnu ts . 
The research has also s h o w n tha t g r o u n d n u t o i l s are 
hea l thy and have pos i t i ve ca rd iovascu la r hea l th 
benef i ts . In deve lop ing count r ies and fo r human i ta r i an 
response e f f o r t s o f the U n i t e d States A g e n c y f o r 
In te rna t iona l D e v e l o p m e n t ( U S A I D ) , the i n f o r m a t i o n 
that g r o u n d n u t is a ve ry hunger -sa t i s f y ing f o o d , w i t h 
h i g h p ro te in and h i g h energy suggests that th is c rop 
shou ld be exp lo i ted m o r e i n t imes o f c i v i l cr is is and 
f am ine since m o r e hunger p reven t i on is de l i ve red per 
p a y l o a d than f r o m the c o m m o n l y used e m e r g e n c y 
ra t ions . 
T h i s research has rece i ved a t ten t ion i n U S A w h e r e i t 
has been used to p r o m o t e g r o u n d n u t c o n s u m p t i o n , 
w h i c h has he lped reverse a 5-year ( 1 8 % ) dec l i ne in 
c o n s u m p t i o n . O n e indus t r y representa t ive states 
that consump t i on o f g roundnu t i n U S A has increased 
1 3 % since th is research began and the i m p a c t has 
been est imated to be w o r t h U S $ 500 m i l l i o n annua l l y . 
2 . Research o n g e r m p l a s m o f B o l i v i a n o r i g i n (P ro jec t 
U F L 1 6 P ) i n F l o r i d a and G e o r g i a i n U S A and B o l i v i a 
has resu l ted i n the i d e n t i f i c a t i o n o f n e w sources o f 
resistance t o the t o m a t o spo t ted w i l t v i r u s ( T S W V ) 
disease w h i c h has b e c o m e one o f the mos t l i m i t i n g 
diseases i n U S A . Besides h a v i n g h i g h y i e l d po ten t i a l , 
these l ines a lso have m u l t i p l e res is tance to f o l i a r 
diseases and o the r p reva len t diseases in U S A . A 
b r e e d i n g p r o g r a m to e x p l o i t th i s o p p o r t u n i t y has 
been i n i t i a ted a n d advanced l ines are n o w ava i l ab le . 
I n B o l i v i a the research has s h o w n tha t p r o d u c t i v i t y 
i s l i m i t e d m o r e by managemen t and labor a v a i l a b i l i t y 
than by genet ic po ten t i a l . L a b o r - s a v i n g t echno log ies 
f o r harvest have been p roposed and are b e i n g 
deve loped. Ex tens ion documents to p romote i m p r o v e d 
management have been p repared and p r o d u c t i o n is 
i nc reas ing . 
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3. In M a l a w i , Peanut C R S P (Project U G A 2 8 P ) i s focused 
on d e v e l o p i n g and e x p l o i t i n g v i ru s resistance. Peanut 
CRSP has supported the testing by the national p rogram 
o f l ines resistant t o g r o u n d n u t rosette d e v e l o p e d b y 
I C R I S A T . These l ines are n o w b e i n g released and are 
be ing m u l t i p l i e d for d is t r ibut ion to farmers, w i t h support 
f rom the U S A I D / M a l a w i mission. The potential benefits 
to M a l a w i farmers are the el iminat ion of rosette epidemics 
that dec ima te p r o d u c t i o n eve ry 5 - 7 years. T h i s w i l l 
p r o v i d e greater f o o d s t a b i l i t y , h i g h e r m e a n y i e l d s , 
and encourage m o r e fa rmers t o p roduce g roundnu t s 
s ince the r i s k o f loss w i l l be decreased. 
Studies o f the v a r i a b i l i t y o f g r o u n d n u t rosette v i r u s 
across A f r i c a ind ica te that resistance based on v i r a l 
coa t -p ro t e in o f the g r o u n d n u t rosette assistor v i ru s 
s h o u l d be stable. Research in G e o r g i a has p r o d u c e d 
t r ans fo rmants u s i n g a synthet ic gene. 
4 . In Senegal (Pro jec t T A M 1 7 P ) , the c u l t i v a r F leur 11 
d e v e l o p e d by scientists o f the In s t i t u t Senegalais de 
recherche agr ico le ( I S R A ) and Centre de Coopera t ion 
I n t e r n a t i o n a l en Recherche A g r o n o m i q u e p o u r l e 
Deve loppement ( C I R A D ) i s be ing adopted by farmers. 
O n - f a r m s o c i o e c o n o m i c studies by another Peanut 
C R S P pro jec t ( U C N 3 6 S ) shows that farmers f ind th is 
l ine main ta ins 2 5 % y i e l d advantage over the estab-
l i shed va r ie ty . Presently, adop t ion i s l i m i t e d by seed 
vo lumes , bu t the potent ia l impac t w i l l be an add i t iona l 
US$ 18 m i l l i o n annually to groundnut farmers in Senegal. 
5 . I n the P h i l i p p i n e s 3 5 % o f c h i l d r e n are d e f i c i e n t i n 
v i t a m i n A . T h i s s i t u a t i o n causes b l i n d n e s s a n d 
decreases c h i l d s u r v i v a l . M a r k e t research conduc ted 
w i t h Peanut CRSP support (Project U G A 0 4 U ) has 
s h o w n that peanut but te r i s c o n s u m e d by a l l sectors 
of the p o p u l a t i o n , a fact that makes i t an ideal veh i c l e 
fo r m i c r o - n u t r i e n t hea l th in te rven t ions . Scientis ts 
suppor t ed b y Peanut C R S P ( U G A 0 4 U ) w o r k e d w i t h 
c o m m e r c i a l g roundnut processors and deve loped a 
v i t a m i n A - f o r t i f i e d peanut but ter . T h i s p r o d u c t has 
been c o m m e r c i a l i z e d a n d n o w has 3 5 % marke t share 
i n the M e t r o M a n i l a area a n d i s s o l d n a t i o n w i d e . 
Commerc ia l compet i t ion is encouraging other groundnut 
processors t o d e v e l o p c o m p e t i n g p roduc t s . 
6 . L i v e r cancer rates in Southeast A s i a are 36 t imes 
those obse rved in U S A . A f l a t o x i n and hepat i t i s B 
in terac t t o g rea t ly increase the r i s k o f th i s cancer i n 
these areas. Researchers in the P h i l i p p i n e s (Peanut 
C R S P Pro jec t U G A 0 4 U ) , w o r k e d w i t h a g r o u n d n u t -
based f o o d indust ry and developed sor t ing techniques 
t o c o n t r o l a f l a t o x i n c o n t a m i n a t i o n . T h i s has a l l o w e d 
companies to exploi t the w o r l d w i d e market opportunities 
for e thnic F i l i p i n o sauces and expand f o o d processing 
operat ions. P r o d u c t i o n has increased 4 0 % i n the year 
s ince the t e c h n o l o g y w a s d e p l o y e d , a n d o t h e r 
companies are p o s i t i o n i n g themselves to adopt th i s 
t e c h n o l o g y . The i m p a c t o f w idesp read a d o p t i o n o f 
th is t e c h n o l o g y w i l l be less a f l a t o x i n - c o n t a m i n a t e d 
g r o u n d n u t f oods i n the P h i l i p p i n e s , a n d t h e r e f o r e 
a hea l th ie r p o p u l a t i o n . C o m m e r c i a l c o m p e t i t i o n w i l l 
ensure w idesp read a d o p t i o n o f the t e c h n o l o g y . 
7 . C o n s u m e r marke t research in B u l g a r i a has s h o w n 
that a s trong market for groundnuts and g roundnu t 
products can be developed. The Peanut C R S P (Project 
U G A 1 1 U ) has he lped establ ish a f o o d p rocess ing 
p i l o t p lan t i n B u l g a r i a t o a l l o w loca l indus t r ies t o 
scale up the i r opera t ions , by p r o v i d i n g t r a i n i n g to 
technic ians t o f a m i l i a r i z e w i t h the ma jo r g r o u n d n u t 
p rocess ing t echno log ie s . 
8 . Scientists i n U S A (Peanut C R S P Projec t U G A 0 4 U ) 
have t ransferred the t e c h n o l o g y of a g r o u n d n u t 
snack p r o d u c t that i s successful in the P h i l i p p i n e s to 
the US marke t . A N o r t h C a r o l i n a g roundnu t c o m p a n y 
is test m a r k e t i n g the snack p roduc t . 
9 . Peanut C R S P suppor ted research (Projec t N C S 19P) 
contributes to the pest advisory system that is cu r ren t ly 
the basis for in tegra ted pest managemen t r e c o m m e n -
dations for g roundnu t farmers i n N o r t h Caro l ina . T h i s 
system m a x i m i z e s f a r m p r o f i t a b i l i t y and m i n i m i z e s 
e n v i r o n m e n t a l damage t h r o u g h the e l i m i n a t i o n o f 
unnecessary pes t ic ide app l ica t ions . 
10. Bas ic research a t Texas A & M U n i v e r s i t y , Texas , 
U S A (Project T A M 3 3 A ) suppor ted b y Peanut C R S P 
has identified t w o genes that are cri t ical to the p r o d u c t i o n 
o f a f l a tox ins b y a spe rg i l l i f u n g i . These genes m a y 
a l l o w the use o f m o l e c u l a r e n g i n e e r i n g techniques t o 
e l imina te o r grea t ly d i m i n i s h a f l a tox in c o n t a m i n a t i o n 
o f g r o u n d n u t s w h e n infec ted b y the fungus . 
11. Peanut C R S P has establ ished an i m p a c t assessment 
and a d o p t i o n p r o g r a m (Projec t N C S 0 7 ) a s par t o f the 
n e w soc ioeconomics thrust . On the o ther h a n d t ech-
no log ies f o r p r o d u c t i o n adopted by the fa rmers as 
par t o f the g r o u n d n u t p r o g r a m are s t i l l b e i n g used. 
In the Ph i l i pp ine s , Peanut C R S P cu l t i va r s are b e i n g 
p lan ted m o r e in the ma jo r g r o u n d n u t r eg ion , and the i r 
use is a major component of the Phil ippine 's Government 
a g r i c u l t u r a l p rograms . T h e E E P encourages Peanut 
C R S P t o con t inue a n d e x p a n d the i m p o r t a n t w o r k o f 
th is pro jec t . 
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12. Socioeconomic research in Senegal ( U C N 3 6 S ) mobi l ized 
the Eco le N a t i o n a l e d ' E c o n o m i e A p p l i q u e e ( E N E A ) 
to focus on economic problems in fa rm-leve l groundnut 
p r o d u c t i o n . T h e U n i v e r s i t y o f C o n n e c t i c u t , U S A has 
been i n v o l v e d w i t h th is d e v e l o p m e n t ove r a 10-year 
p e r i o d . T h e research has d e t e r m i n e d that the p r i c i n g 
p o l i c i e s , f i s c a l p r a c t i c e s , a n d m a r k e t s t r u c t u r e 
measu re s f o l l o w e d b y the G o v e r n m e n t o f Senegal 
are not f u l l y s e r v i n g the g r o u n d n u t sector o f the 
c o u n t r y . A d d i t i o n a l l y , f a r m - l e v e l e f f i c i ency , e n v i -
r o n m e n t a l q u a l i t y , h i g h seed q u a l i t y , and i n p u t t o 
enhance p r o d u c t i v i t y w e r e cons idered as the k e y to 
fu ture success. T h e p ro jec t has encouraged pos i t i ve 
in t e rac t ion be tween E N E A and 1SRA. T h i s e f for t has 
m o r e f u l l y c o n t r i b u t e d the s trengths o f E N E A t o the 
a g r i c u l t u r a l sector. 
13. An in ternet -based managemen t i n f o r m a t i o n sys tem 
was de v e l oped . In the 4 years of the present phase, 
Peanut C R S P has e v o l v e d f r o m a l a rge ly d o c u m e n t 
and paper-based managemen t to a l a rge ly database 
and electronic m e d i u m system. A l l report requirements 
and a d m i n i s t r a t i o n can occur t h r o u g h the internet . 
G r o u n d n u t T r a i n i n g Courses 
i n M a l a w i 
I C R I S A T - L i l o n g w e has r ecen t ly o r g a n i z e d t w o t r a i n i n g 
courses o n g r o u n d n u t p r o d u c t i o n t echno log ies i n 
M a l a w i . T h e f i r s t one was o r g a n i z e d i n par tnersh ip w i t h 
the U n i t e d States A g e n c y f o r I n t e rna t i ona l D e v e l o p m e n t 
( U S A I D ) / M a l a w i a t the N a t u r a l Resources C o l l e g e near 
L i l o n g w e f rom 20 to 22 M a r c h 2000 . A M t u k u s u , Di rec tor , 
Department of A g r i c u l t u r a l Research and Technical Services, 
M i n i s t r y o f A g r i c u l t u r e and I r r i g a t i o n inaugura ted the 
course . F o r t y - n i n e pa r t i c ipan t s i n c l u d i n g n ine w o m e n 
par t i c ipa ted in th is course. T h e second one was o rgan ized 
i n par tnersh ip w i t h P L A N In te rna t iona l i n M z u z u f r o m 1 0 
t o 1 2 A p r i l 2 0 0 0 . M r P h i r i , D e p u t y P r o g r a m Manage r , 
Participants visiting groundnut fields near Ekwendeni, 
M a l a w i . 
M z u z u A g r i c u l t u r a l D e v e l o p m e n t D i v i s i o n inaugura ted 
the course. O v e r 70 par t i c ipan t s i n c l u d i n g 19 w o m e n 
par t ic ipa ted in this course. P S u b r a h m a n y a m , Site Leader , 
I C R I S A T - L i l o n g w e w e l c o m e d the guests and par t ic ipants . 
T h e m a i n objec t ives o f these courses w e r e t o d e v e l o p 
and upgrade the s k i l l s o f research technic ians , assistants, 
and c o m m u n i t y vo lun tee r s i n i m p r o v e d g r o u n d n u t p r o -
d u c t i o n t echno log ies to increase g r o u n d n u t p r o d u c t i o n 
i n M a l a w i . T h e courses f ac i l i t a t ed c ros s - f e r t i l i z a t i on o f 
ideas be tween var ious par t i c ipan t s t h r o u g h f i e l d v is i t s 
and in p r o b l e m - s o l v i n g g r o u p discussions. T h e courses 
were designed to address the major issues related to 
g roundnu t p r o d u c t i o n , u t i l i z a t i o n , and m a r k e t i n g . 
B o t h courses were c o o r d i n a t e d by A J C h i y e m b e k e z a . 
D e m o n s t r a t i o n o f hand-opera ted g r o u n d n u t s t r ippers , 
shellers, and peanut but te r m a k e r by P J A van der M e r w e 
and H T e m b e n u d r e w special a t ten t ion of the par t ic ipants , 
espec ia l ly w o m e n . Par t ic ipants g rea t ly benef i t ed f r o m 
these courses in o b t a i n i n g latest t echno log ies in g r o u n d -
nu t p r o d u c t i o n . The courses w e r e ra ted " v e r y h i g h " b y a l l 
the par t i c ipan ts . 
Cer t i f icate o f attendance was awarded to a l l par t ic ipants 
b y W a y n e M c D o n a l d , M i s s i o n E n v i r o n m e n t a l O f f i c e r , 
U S A I D / M a l a w i and N a r i n d e r V e r m a , C o u n t r y D i r e c t o r , 
P L A N / M a l a w i . 
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P o l l e n gra ins , mean t for pe rpe tua t ing the p lan t species, 
have r ece ived special a t t en t ion o f nature d u r i n g the 
course o f e v o l u t i o n and spec ia l ly nou r i shed t o c o m b a t 
the vagaries of env i ronment (Sivarajan 1984). These un ique 
structural adaptations have significant taxonomic importance 
as they are specif ic to a t axon . In compara t ive m o r p h o l o g y 
f o r t a x o n o m i c purposes the aper tura l characters have 
been used as the base to w h i c h other characters such as 
ex ine o rnamen ta t i on , and p o l l e n size and shape have been 
c o l l a t e d f o r separat ion up to species l e v e l ( N a i r 1980) . 
P a l y n o l o g i c a l l y the genus Arachis is less inves t iga ted . 
R a m a n and Kesavan ( 1 9 6 2 , 1963a, 1963b) and R a m a n 
(1958a , 1958b, 1959, 1965) s tud ied the size o f the p o l l e n 
gra ins in d i f f e r en t species of Arachis and repor ted that 
t e t r a p l o i d species had gene ra l l y b igge r gra ins than other 
species. S i g n i f i c a n t d i f fe rence in p o l l e n g r a in size was 
also repor ted a m o n g the d i p l o i d species of Arachis. Pen et 
al . ( 1 9 8 7 ) s tud ied p o l l e n gra ins under the e lec t ron m i c r o -
scope i n d i f f e ren t f o r m s o f c u l t i v a t e d g r o u n d n u t ( A r a c h i s 
hypogaea) and repor ted the presence of three t a x o n o m i c a l 
groups o f grains: prolate , spheroidal , and c o l u m n a r sphe-
ro ida l . In the i r studies on cy topa lyno logy of Arachis species 
and the i r in terspeci f ic h y b r i d s , C h a t u r v e d i e t a l . ( 1 9 9 0 ) 
observed that the species of Arachis are s tenopa lynous , 
be ing 3-zonocolporate and re t icula ted. T h e y also observed 
that the size and shape o f the l u m i n a in the r e t i c u l u m are o f 
basic s ign i f i cance in d i s t i n g u i s h i n g species. 
T o s tudy the p a l y n o l o g i c a l r e l a t i onsh ip a m o n g the 
species of sect ion Arachis, 35 accessions b e l o n g i n g to 13 
species o f Arachis o f the sec t ion Arachis we re p r o c u r e d 
f r o m I C R I S A T , Patancheru, I n d i a and g r o w n i n 
un rep l i ca t ed p l o t (2 .8 x 3.5 m 2 ) d u r i n g 1 9 9 6 - 9 7 . P o l l e n 
gra ins were co l l ec t ed f r o m unopened f l o w e r s o f 105- t o 
110 -day -o ld plants and ace to lyzed b y E r d t m a n ' s m e t h o d 
( 1 9 6 6 ) . Permanent sl ides were p repared f r o m ace to lyzed 
po l l en grains by m o u n t i n g in g l y c e r i n j e l l y ( N a i r 1970). For 
desc r ib ing p o l l e n grains , the t e r m i n o l o g i e s f r o m E r d t m a n 
( 1 9 6 6 ) and N a i r ( 1 9 6 4 ) have been used. T h e aper tura l 
m o r p h o f o r m s were s tud ied under the l i g h t m i c r o s c o p e . 
T h e po la r l eng th (P) and equator ia l l ength ( E ) o f 5 0 p o l l e n 
grains a t r a n d o m were measured us ing ocular m i c r o m e t e r . 
Fo r d e t e r m i n i n g the p o l l e n shape, P/E ra t io was ca lcu la ted 
and the c l a s s i f i ca t ion descr ibed by E r d t m a n ( 1 9 6 6 ) was 
used (Tab l e 1). T h e th ickness o f sexine and n e x i n e was 
measured by en la rg ing the image us ing an image analyzer . 
The average length of the longest axis , i.e., P was used fo r 
c lass i fy ing the size of the p o l l e n grains (Tab le 1) ( E r d t m a n 
1966). 
T h e p o l l e n gra ins are 3 -zonoco lpora te w i t h r e t i cu l a t ed 
exine. In most o f the species the po l l en grains are o f m e d i u m 
size except in I C G s 287 , 8959 , and 8197 w h e r e the p o l l e n 
gra ins were large a c c o r d i n g to E r d t m a n ' s c l a s s i f i ca t ion 
( T a b l e 2 ) . I n m a j o r i t y o f the accesions the p o l l e n g ra ins 
T a b l e 1 . Shape a n d size of pollen grains. 
Designation 
Prolate 
Perprolate 
Euprolate 
Subprolate 
Prolate spheroidal 
Spherical 
Shape 
P/E ratio1 
>1.00 
>2.00 
1.34 -1.99 
1.15-1.33 
1.01-1.14 
1.00 
Class 
Minute grain 
Small grain 
Medium grain 
Large grain 
Gigantic grain 
Size 
Polar length (urn) 
<10 
10-24 
25-49 
50-99 
>200 
1. P/E = Po la r l e n g t h / e q u a t o r i a l l e n g t h . 
Source : E r d t m a n ( 1 9 6 6 ) . 
I A N 20, 2000 5 
Genetics and Plant Breeding 
w e r e eup ro la te ( F i g . 1 A a n d E ) . T h r e e accessions o f 
A. duranensis ( I C G s 8 2 0 0 , 8 2 0 1 , a n d 8 2 0 5 ) and A.valida 
( I C G 11548) s h o w e d subpro la te p o l l e n gra ins (Tab le 2 and 
F i g . 1C) . T h e p o l l e n gra ins o n po la r v i e w w e r e t r i c i r c u l a r 
( F i g . 1 B ) , c i rcu la r ( F i g . 1 D ) , o r t r iangu lar oblate ( F i g . 1F) i n 
shape. In b o t h a m p h i d i p l o i d species (A. hypogaea and 
A. monticola) the polar v i ew was t r iangular ob la te . I C G 8 2 1 6 
(A. cardenasii) a n d I C G 8 1 3 2 (A. correntind) a lso s h o w e d 
t r iangu lar oblate po l l en grains. In A. duranensis accessions, 
bo th t r i c i rcu la r po l len grains ( I C G s 8 1 2 3 , 8 1 3 9 , 8 1 9 6 , 8 2 0 0 , 
8 2 0 7 , 8 2 0 8 , a n d 8 9 5 6 ) a n d c i r cu l a r p o l l e n g ra ins ( I C G s 
8 2 0 5 , 8 2 0 1 , and 8957 ) w e r e observed. T h e th ickness o f the 
T a b l e 2 . M e a n values fo r palynological t ra i ts in var ious species of section Arachis. 
Species 
A. batizocoi 
A. cardenasii 
A. correntina 
A. diogoi 
A. duranensis 
A. helodes 
A. hoehnei 
A. hypogaea 
Virg in ia bunch 
Vi rg in ia runner 
Spanish bunch 
Valencia 
A. kempff-mercadoi 
A. khulmannii 
A. monticola 
A. stenosperma 
A. valida 
I C G 
no. 
8124 
8209 
8210 
8958 
8216 
8132 
8918 
4983 
8123 
8139 
8196 
8200 
8201 
8205 
8207 
8208 
8956 
8957 
8955 
8190 
5813 
5770 
287 
3704 
8164 
8959 
8954 
8197 
8198 
8135 
8125 
8126 
8137 
8906 
11548 
P1 
(µm) 
42.0 ± 2.1 
37.0 ± 2.7 
36.0 ± 1.9 
41.4 ± 1.7 
40.7 ± 1.6 
40.1 ± 2.3 
44.1 ± 2.9 
41.8 ± 4.3 
34.8 ± 1.6 
35.9 ± 1.8 
40.9 ± 2.4 
35.8 ± 1.6 
36.9 ± 2. 7 
36.6 ± 2.5 
39.8 ± 2.5 
35.8 ± 1.6 
40.6 ± 2.5 
41.3 ± 0.8 
40.7 ± 1.6 
45.9 ± 2.4 
46.1 ± 2.5 
46.1 ± 3.2 
52.5 ± 2.0 
42.3 ± 2.4 
40.9 ± 1.2 
50.2 ± 3.4 
42.0 ± 2.7 
50.2 ± 2.9 
42.8 ± 3.1 
45.4 ± 2.6 
35.5 ± 2.3 
36.9 ± 2.6 
41.0 ± 0.8 
45.9 ± 2.3 
35.6 ± 1.8 
(µm) 
24.2 ± 1.9 
22.2 ± 2.5 
23.6 ± 0.8 
25.6 ± 2.8 
26.2 ± 2.9 
25.4 ± 2.8 
29.1 ± 1.8 
28.2 ± 2.4 
24.0 ± 1.6 
24.3 ± 2.1 
26.3 ± 2.9 
28.8 ± 1 . 8 
28.9 ± 1.6 
27.5 ± 2.8 
28.1 ± 2.5 
24.9 ± 2.5 
26.1 ± 2.9 
26.7 ± 2.0 
27.8 ± 2.7 
28.7 ± 1.9 
31.6 ± 2.9 
29.6 ± 3.1 
36.2 ± 2.2 
29.1 ± 1.4 
24.8 ± 2.5 
30.7 ± 2.7 
23.9 ± 1.4 
32.9 ± 2.9 
23.5 ± 0.0 
30.3 ± 3.0 
24.6 ± 2.3 
24.3 ± 2.1 
28.9 ± 1.6 
30.0 ± 1.8 
27.9 ± 2.6 
P/E 
ratio 
1.7 ± 0.1 
1.7 ± 0.2 
1.5 ± 0.1 
1.6 ± 0.2 
1.6 ± 0.2 
1.6 ± 0.2 
1.5 ± 0.1 
1.5 ± 0.1 
1.5 ± 0.1 
1.5 ± 0.1 
1.5 ± 0.2 
1.2 ± 0.1 
1.3 ± 0.1 
1.3 ± 0.2 
1.4 ± 0.1 
1.4 ± 0.1 
1.6 ± 0.2 
1.6 ± 0.2 
1.5 ± 0.1 
1.6 ± 0.1 
1.5 ± 0.1 
1.6 ± 0.2 
1.5 ± 0.1 
1.5 ± 0.1 
1.7 ± 0.2 
1.6 ± 0.2 
1.8 ± 0.2 
1.5 ± 0.1 
1.8 ± 0.1 
1.5 ± 0.2 
1.4 ± 0.2 
1.5 ± 0.2 
1.4 ± 0.1 
1.5 ± 0.1 
1.3 ± 0.1 
Sexine 
(µm) 
0.73 ± 0.03 
0.43 ± 0.21 
0.54 ± 0.02 
0.59 ± 0.04 
0.52 ± 0.03 
0.67 ± 0.00 
0.85 ± 0.04 
0.75 ± 0.07 
0.47 ± 0.03 
0.90 ± 0.03 
0.58 ± 0.03 
0.70 ± 0.03 
0.76 ± 0.03 
0.86 ± 0.04 
0.72 ± 0.00 
0.68 ± 0.03 
0.68 ± 0.03 
0.71 ± 0.04 
0.62 ± 0.03 
0.75 ± 0.03 
0.81 ± 0.04 
0.65 ± 0.03 
0.76 ± 0.03 
0.80 ± 0.03 
0.60 ± 0.03 
0.76 ± 0.03 
0.62 ± 0.03 
0.72 ± 0.03 
0.54 ± 0.02 
0.81 ± 0.06 
0.59 ± 0.03 
0.61 ± 0.03 
0.83 ± 0.07 
0.77 ± 0.00 
0.96 ± 0.04 
Nexine 
(µm) 
0.63 ± 0.03 
0.52 ± 0.02 
0.54 ± 0.02 
0.78 ± 0.04 
0.57 ± 0.03 
0.57 ± 0.04 
0.83 ± 0.04 
0.86 ± 0.00 
0.45 ± 0.03 
0.93 ± 0.03 
0.68 ± 0.03 
0.60 ± 0.30 
0.73 ± 0.03 
0.93 ± 0.05 
0.75 ± 0.00 
0.71 ± 0.03 
0.71 ± 0.03 
0.81 ± 0.04 
0.88 ± 0.03 
0.81 ± 0.04 
0.81 ± 0.04 
0.75 ± 0.05 
0.89 ± 0.04 
0.74 ± 0.00 
0.65 ± 0.03 
0.84 ± 0.03 
0.58 ± 0.03 
0.75 ± 0.04 
0.62 ± 0.03 
0.86 ± 0.04 
0.61 ± 0.00 
0.61 ± 0.03 
0.95 ± 0.03 
0.77 ± 0.00 
1.25 ± 0.05 
1. P = P o l a r l e n g t h . 
2 E = E q u a t o r i a l l e n g t h . 
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ex ine was m a x i m u m in A . valida w i t h an average 0.96 | i m 
sexine and 1.25 µm nexine . 
M o r p h o l o g i c a l traits c o m m o n to a l l species were nature 
o f c o l p i and ex ine o rnamen ta t i on . The shape o f the p o l l e n 
g r a i n and its shape in po la r v i e w show some trends as 
observed in A. hypogaea and A. monticola. Presence of 
t r i angu l a r oblate p o l l e n gra ins in the d i p l o i d species 
(A. correntina and A. cardenasii) ind ica te that one of 
these species m i g h t have contr ibuted to the e v o l u t i o n of the 
t e t r a p l o i d species. Since in t ra -spec i f ic v a r i a t i o n for many 
of the traits were also observed, d is t inc t ion at species l eve l 
was v e r y d i f f i c u l t . T e t r a p l o i d species are r epor ted to have 
Figure 1. Pollen grains of three Arachis species: (A) I C G 8209 (A. batizocoi), equatorial view (1730x); (B) I C G 8209, polar view 
(1470x); (C) I C G 8205 (A. duranensis), equatorial view (1430x); (D) I C G 8205, polar view(1320x); (E) I C G 5770 (A. hypogaea), 
equatorial view (1575x); (F) I C G 5770, polar view (1310x). 
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v e r y la rge p o l l e n g ra ins c o m p a r e d t o d i p l o i d species 
( R a m a n 1965). O u r s tudy showed that m a n y d i p l o i d species 
(A. batizocoi, A. kempff-mercadoi, A. hoehnei, and 
A . c o r r e n t i n a ) a l so h a d a lmos t the same l e n g t h o f g r a i n 
b u t the equator ia l axis was shorter than that of A. hypogaea 
a n d A. monticola accessions. Based on aper tu ra l m o r p h o -
f o r m s a n d e x i n e o r n a m e n t a t i o n the genus Arachis was 
desc r ibed as s t enopa lynous ( C h a t u r v e d i e t a l . 1990) . O u r 
s tudies based o n l i g h t m i c r o s c o p y ind ica te tha t v a r i a t i o n 
i s present in p o l l e n m o r p h o l o g y in the genus Arachis a n d 
fu r the r i n v e s t i g a t i o n unde r s cann ing e l ec t ron m i c r o s c o p e 
m a y r e v e a l fu r the r i n f o r m a t i o n f o r u s i n g these t ra i t s f o r 
sys temat ic s tudies. 
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An Appraisal of Triploids of 
Amphidiploids in the Genus Arachis 
P Vindhiyavarman, A Mothi la l , K N Ganesan, and 
S E Naina Mohammed (Regional Research Station, 
Vridhachalam 606 001 , Tamil Nadu, India) 
G r o u n d n u t (Arachis hypogaea) is a t e t r ap lo id ( 2 n = 4 x = 4 0 ) , 
whereas, mos t o f its w i l d re la t ives are d i p l o i d ( 2 n = 2 x = 2 0 ) . 
T h e des i rable a t t r ibutes are d ispersed i n d i f f e r e n t w i l d 
species. Hence p r o d u c t i o n o f syn the t ic a m p h i d i p l o i d s 
w i l l c o m b i n e the desirable features from at least t w o species 
( S i n g h 1986) w h i c h can b e u t i l i z e d f o r fu r the r i n t rog re s -
s ion t o the c u l t i v a t e d g r o u n d n u t . F o u r p e r e n n i a l d i p l o i d 
w i l d species, A. stenosperma, A. cardenasii, A. villosa, 
a n d A. kempff-mercadoi, b e l o n g i n g to sec t ion Arachis 
w e r e u t i l i z e d t o p r o d u c e three a m p h i d i p l o i d s . T h e y w e r e 
A. stenosperma x A. kempff-mercadoi, A. stenosperma x 
A. cardenasii, and A. cardenasii x A. villosa. 
T h e three a m p h i d i p l o i d s were h y b r i d i z e d w i t h c v V R I 4 
o f A . hypogaea i n r e c i p r o c a l w a y s to p r o d u c e s i x t r i p l o i d s 
( 2 n = 3 x = 3 0 ) . T h e f o u r d i p l o i d w i l d species were h y b r i d i z e d 
s i m u l t a n e o u s l y w i t h c v V R I 4 t o p r o d u c e f o u r t r i p l o i d s : 
VRl 4 x A. stenosperma, V R I 4 x A. cardenasii, V R I 4 x 
A. villosa, a n d V R I 4 x A. kempff-mercadoi. A l l the t en 
t r i p l o i d s w e r e s t ud i ed f o r p o l l e n s t a i n a b i l i t y . 
A m o n g the f o u r t r i p l o i d s o f A . hypogaea x d i p l o i d w i l d 
species s tudied, the t r i p l o i d of A. kempff-mercadoi e x h i b i t e d 
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vege ta t i ve l u x u r i a n c e as measured by canopy coverage , 
whereas the t r i p l o i d o f A . villosa was compac t and had 
h i g h e r p o l l e n s ta inab i l i t y (Tab le 1). 
T h e V R I 4 x a m p h i d i p l o i d crosses s h o w e d h i g h v e g -
e ta t i ve v i g o r f o r c a n o p y cove r and l ea f size c o m p a r e d to 
the t r i p l o i d s d e r i v e d f r o m V R I 4 x d i p l o i d w i l d species 
(Tab le 1). A m o n g the t r ip lo ids o f amph id ip lo ids , the canopy 
cove rage was h i g h w h e n the a m p h i d i p l o i d was used as 
m a l e parent whereas , the rec ip roca ls w e r e less v i g o r o u s 
w i t h b roader , l i gh t g reen leaves. S ingh ( 1 9 8 6 ) repor ted 
that the c h r o m o s o m e p a i r i n g was m o r e d is tu rbed i n the 
h y b r i d s w h e n syn the t i c a m p h i d i p l o i d s w e r e used as the 
f ema le parents , c o m p a r e d to that i n t he rec ip roca l crosses 
ind i ca t i ng the existence o f cy top lasmic di f ferences. Fur ther 
the presence o f mu l t i va len t s in the hyb r i ds o f A . hypogaea 
x a m p h i d i p l o i d s is i nd i ca t i ve o f h i g h i n t ragenomic as w e l l 
as i n t e r g e n o m i c p a i r i n g . 
B o t h d i rec t a n d rec ip roca l comb ina t i ons o f the t r i p l o i ds 
of a m p h i d i p l o i d A cardenasii x A. villosa recorded highest 
p o l l e n f e r t i l i t y o f 3 0 . 5 % and 3 8 . 5 % respect ive ly . H o w e v e r , 
the r e c i p r o c a l e f fec t was ev iden t i n the c o m b i n a t i o n 
A. stenosperma x A. cardenasii f o r p o l l e n f e r t i l i t y . T h e 
d i r ec t cross r e c o r d e d 5 % whereas the rec ip roca l r eco rded 
3 8 % po l l en f e r t i l i t y (Tab le 1). 
Gardne r and Sta lker ( 1983 ) repor ted that po l l en fe r t i l i t y 
in the h y b r i d s be tween A. hypogaea x a m p h i d i p l o i d 
ranged from 4 3 . 6 % to 5 4 . 7 % in the crosses A. chacoense x 
A. correntina, A. duranemis x A. cardenasii, a n d 
A. stenosperma x A. chacoense. In genera l the t r i p l o i d s of 
a m p h i d i p l o i d s had b i g g e r leaf le ts and s tandard pe ta l t han 
the i r c o r r e s p o n d i n g t w o t r i p l o i d s o f cv V R I 4 x d i p l o i d 
w i l d species. 
A c k n o w l e d g m e n t s . T h e supp l y o f w i l d species b y the 
Genet ic Resources U n i t o f I C R l S A T , Pa tancheru , I n d i a i s 
g r a t e f u l l y a c k n o w l e d g e d . T h e au tho r i s a lso t h a n k f u l t o 
the I nd ian C o u n c i l o f A g r i c u l t u r a l Research ( I C A R ) , N e w 
D e l h i f o r r ende r i ng f i nanc ia l suppor t f o r the p r o g r a m . 
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T a b l e 1 . Pol len fer t i l i ty a n d vegetat ive v igor in d i f ferent combinat ions of t r iploids ofArachis species. 
Parentage of t r ip lo ids 
A. hypogaea x diploid wild species 
V R I 4 x A. stenosperma 
V R I 4 x A. kempff-mercadoi 
V R I 4 x A. cardenasii 
V R I 4 x A. villosa 
A. hypogaea x synthetic amphidiploids 
Direct crosses 
V R I 4 x (A. stenosperma x A. kempff-mercadoi) 
V R I 4 x (A. stenosperma x A. cardenasii) 
V R I 4 x (A. cardenasii x A. villosa) 
Reciprocal crosses 
(A. stenosperma x A. kempff-mercadoi) x V R I 4 
(A. stenosperma x A. cardenasii) x V R I 4 
(A. cardenasii x A. villosa) x V R I 4 
No. o f plants 
studied 
8 
9 
7 
6 
7 
6 
7 
3 
2 
3 
Pollen 
fer t i l i ty 
( % ) 
7.0 
7.5 
10.0 
13.7 
6.0 
5.0 
30.5 
10.5 
38.0 
38.5 
Radius of the 
canopy coverage 
(cm) 
95 
110 
90 
73 
199 
185 
170 
135 
141 
132 
Leaflet size 
(cm) 
2.8 x 1.8 
2.9 x 1.7 
3.1 x 2.2 
2.7 x 1.7 
3.3 x 1.6 
3.2 x 2.0 
3.0 x 2.3 
4.6 x 2.4 
4.7 x 2.0 
4.4 x 2.3 
Genetic Analysis of Pod and Seed 
Characters in Crosses of Large-seeded 
Virginia Genotypes of Groundnut 
D L Parmar , A L Rathna Kumar , and P S Bharodia 
(National Research Centre for Groundnut, Ivnagar Road, 
PB No . 5, Junagadh 362 0 0 1 , Gujarat, India) 
I n g r o u n d n u t , m a n y e c o n o m i c a l l y i m p o r t a n t t ra i ts are 
quan t i t a t i ve l y inher i ted . E x p l o i t a t i o n o f genet ic va r i ab i l i t y 
f o r these trai ts is the p r ima ry focus in most o f the g roundnu t 
breeding programs. A l t h o u g h , in fo rmat ion on the inheri tance 
o f va r i ous quant i ta t i ve t ra i ts i s ava i lab le , studies pe r ta in ing 
to the gene a c t i o n g o v e r n i n g p o d and seed characters i n 
crosses b e t w e e n la rge-seeded geno types are l i m i t e d . An 
u n d e r s t a n d i n g o f gene t i c systems c o n t r o l l i n g the expres-
s ion o f p o d a n d seed characters becomes essent ia l be fo re 
f o r m u l a t i n g a su i tab le b r e e d i n g p r o g r a m . T w e n t y - e i g h t 
crosses i n v o l v i n g e igh t la rge-seeded g r o u n d n u t g e n o -
types were produced in a dial lel fashion exc lud ing rec iprocals . 
T h e F 1s a n d F2s a l o n g w i t h parents w e r e ra ised in a 
r a n d o m i z e d c o m p l e t e b l o c k des ign w i t h 3 rep l i ca t i ons . 
A n a l y s i s o f gene t i c c o m p o n e n t s o f va r iance ( H a y m a n 
1954) f o r f o u r characters revea led that add i t i ve genet ic 
e f f ec t s ( D ) a n d n o n - a d d i t i v e e f fec ts (H 1 a n d H 2 ) w e r e 
s i g n i f i c a n t i n F 1 and F 2 genera t ions f o r p o d y i e l d , s h e l l i n g 
percen tage , a n d 100-seed mass i n d i c a t i n g the i m p o r t a n c e 
o f b o t h a d d i t i v e a n d d o m i n a n c e c o m p o n e n t s i n the i n -
he r i t ance o f these t ra i ts (Tab le 1). H o w e v e r , there w a s no 
agreement be tween F 1 a n d F 2 on the p reponde rance o f 
genet ic c o m p o n e n t . I n F2, d o m i n a n c e c o m p o n e n t s w e r e 
greater i n m a g n i t u d e than add i t i ve c o m p o n e n t s f o r these 
trai ts. T h e percentage o f sound mature seeds was c o n t r o l l e d 
p r e d o m i n a n t l y b y n o n - a d d i t i v e genet ic e f fec t i n b o t h the 
genera t ions . O v e r d o m i n a n c e was obse rved f o r 100-seed 
mass b o t h in F 1 and F 2 generat ions w h i l e f o r p o d y i e l d and 
s h e l l i n g percen tage, i t w a s obse rved o n l y i n F2. N a r r o w 
sense h e r i t a b i l i t y was modera te t o h i g h f o r s h e l l i n g pe r -
centage, 100-seed mass, and p o d y i e l d bu t l o w f o r s o u n d 
m a t u r e seeds. L o w h e r i t a b i l i t y f o r the lat ter was due to 
p r e d o m i n a n t l y n o n - a d d i t i v e gene e f fec t respons ib le f o r 
the express ion o f the t ra i t . T h e o v e r d o m i n a n c e i n 100-
seed mass is due to i n te rac t i ng n o n - a l l e l i c l o c i ra ther than 
the ove r d o m i n a n c e by i tse l f . 
Consider ing the segmental po l yp lo i d nature o f g r o u n d n u t 
and c o n t r o l o f severa l qua l i t a t i ve t ra i ts b y dup l i ca te 
genes ( H a m m o n s 1973) , presence o f epistas is canno t be 
ove r ru led in the inher i tance o f these t ra i ts . Hence , ped igree 
breed ing f o l l o w e d b y biparental m a t i n g and i n te r -ma t i ng o f 
e l i te segregants in ear l y genera t ions s h o u l d be use fu l to 
harness b o t h add i t i ve a n d d o m i n a n c e gene e f fec ts . Selec-
t i o n a t later genera t ions s h o u l d a id i n i d e n t i f i c a t i o n o f 
des i rab le recomb inan ts . 
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T a b l e 1 . Est imates of components of genetic var iance for pod y ie ld , shell ing, sound m a t u r e seeds, and 100-seed mass in 
groundnut 1 . 
Genetic component 
D 
H1 
H2 
h2 
F 
(H 1 /D ) 1 / 2 
Her i tab i l i ty 
(narrow sense) (%) 
Pod y ie ld 
(g plant -1) 
F1 
23 .16* * 
±2.82 
20.05* 
±6.48 
19.64* 
±5.64 
34 .62* * 
±3.78 
-6 .03 
±6.66 
0.93 
45.9 
F2 
2 3 . 2 1 * * 
±1.85 
134.22** 
±17.02 
131.36** 
±14.80 
69 .63* * 
±2.48 
- 1 . 6 0 
±8.74 
2.40 
39.6 
Shelling 
( % ) 
F1 
51 .05** 
±1.83 
19.14** 
±4.20 
16.78** 
±3.66 
0.53 
±2.45 
4.84 
±4.32 
0.61 
77.1 
F2 
51 .12* * 
±3.84 
188.53** 
±35.28 
173.70** 
±30.69 
9.35 
±5.15 
39.95 
±18.13 
1.92 
64.8 
Sound mature seeds 
( % ) 
F1 
41.25 
±28.10 
256 .72* * 
±64.60 
195.37* 
±56.21 
42.32 
±37.69 
81.65 
±66.40 
-
18.3 
F2 
41.56 
±27.34 
1130.58** 
±251.40 
880.09** 
±218.72 
14.62 
±36.67 
176.67 
±129.20 
-
17.0 
100-seed mass 
(g) 
F1 
53 .76* * 
±4.73 
86 .29* * 
±10.87 
71 .82* * 
±9.46 
57 .92* * 
±6.34 
29.86* 
±11.18 
1.27 
48.0 
F2 
53 .42* * 
±3.54 
274 .88** 
±32.57 
2 2 6 . 0 1 * * 
±28.34 
30 .30* * 
±4.75 
66 .55 * * 
±16.74 
2.27 
58.1 
1. * S i g n i f i c a n t at P - 0 . 0 5 % ; ** S i g n i f i c a n t at P - 0 . 0 1 % . 
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A Perennial Forage Groundnut of 
Interspecific Orig in 
P Vindhiyavarman, A Mothi la l , K N Ganesan, and 
S E Naina Mohammed (Regional Research Station, 
Vridhachalam 606 001 , Tamil Nadu, India) 
To feed a ba lanced d ie t t o an ima l s f o r m i l k and meat p r o -
d u c t i o n , the grass fodder s h o u l d be supp lemen ted w i t h 
n u t r i t i o u s forage legumes. H o w e v e r , such forage legumes 
su i tab le f o r e i ther m i x e d c r o p p i n g w i t h cereals o r grasses 
o r f o r m o n o c r o p p i n g are v e r y l i m i t e d . Perennia l legumes 
such as Stylo, Siratro, Calatro, and Centro, t hough recog-
nized as p romis ing perennial forage legumes, have l imi ta t ions 
in their large-scale cul t iva t ion due to soi l preferences, c l imate , 
r a i n f a l l , a n d o ther factors . T h e search i s on f o r the i d e n t i -
f i ca t ion o f a su i table h i g h - y i e l d i n g fodder l e g u m e f o r the 
s emi -a r id areas o f T a m i l N a d u i n Ind ia . 
G r o u n d n u t ( A r a c h i s hypogaea) is an i m p o r t a n t o i l seed 
c rop . T h e hau lms o f this c rop are d r i ed , stored, and u t i l i z e d 
a s a g o o d source o f r i c h cat t le feed. O n e o f the desirable 
a t t r ibutes present in the w i l d species i s the h i g h fodder 
value. Hence, an attempt was made at the Regional Research 
S ta t ion , V r i d h a c h a l a m , T a m i l N a d u t o d e v e l o p pe renn ia l 
forage g r o u n d n u t by interspecif ic h y b r i d i z a t i o n . A d i p l o i d 
( 2 n = 2 x = 2 0 ) w i l d species, Arachis cardenasii ( I C G 11563), 
was u t i l i z e d as a p o l l e n parent and a cross was made w i t h 
cv V R I 4 of A. hypogaea ( 2 n = 4 x = 4 0 ) . A to ta l number of 15 
t r i p lo id (2n=3x=30) hybrids were obtained. The pol len fe r t i l i ty 
o f the t r i p lo ids was assessed b y s ta ining w i t h ace tocarmine . 
A b o u t 1 0 - 1 5 % o f the p o l l e n was r o u n d and d a r k l y stained. 
T h e p o l l e n o f the p a r t i a l l y f e r t i l e t r i p l o i d s was u t i l i z e d 
f o r b a c k c r o s s i n g w i t h c v V R I 4 . I n the resu l t an t B C 1 F 1 , 
f i v e h y b r i d s w e r e ob t a ined . T h e B C 1 F 1 h y b r i d p lants w e r e 
v i g o r o u s a n d pros t ra te w i t h d a r k green b roader leaves. 
A l t h o u g h the f l o w e r i n g was profuse there was n o seed 
se t t ing . S ince the vege ta t ive g r o w t h was l u x u r i a n t , the 
m a t e r i a l was tes ted f o r a m e n a b i l i t y f o r c u t t i n g and the 
success ra te o f v e g e t a t i v e p r o p a g a t i o n , t he t w o m a j o r 
prerequisites for perennial forage type . The results revea led 
that the p lan ts w e r e amenable f o r m u l t i p l e c u t t i n g . U n d e r 
favorab le m o i s t u r e c o n d i t i o n s , u p t o 9 8 % success was 
observed f o r vege ta t ive p r o p a g a t i o n w h e n m a t u r e s tem 
cu t t ings w e r e used. T h e n the mater ia l s w e r e p l a n t e d in a 
large-scale p l o t o f 0.2 ha a n d 17 t o f g reen fodde r w a s 
harves ted f rom that area in a year . T h e p a l a t a b i l i t y o f the 
fodder was tested by f eed ing to cat t le . I t was obse rved 
that cat t le r e l i shed the fodder . T h e geno type was des ig -
nated as V G ( F ) 9873 and suppl ied for mul t i loca t iona l test ing 
i n different research stations o f the T a m i l N a d u A g r i c u l t u r a l 
U n i v e r s i t y . 
T h o u g h the es tab l i shment o f the s tem cu t t i ngs was 
i n i t i a l l y s l ow , g r o w t h was remarkable later. The c rop c o u l d 
be cu t f o r green fodder in about 90 days after p l a n t i n g and 
the subsequent harvest c o u l d be h a d a t 4 5 - d a y in te rva l s . 
In each cu t , g reen fodder y i e l d o f about 12 t ha - 1 c o u l d be 
ob ta ined and hence f rom 7 - 8 cu t t i ngs a t o t a l q u a n t i t y o f 
8 0 - 8 5 1 ha - 1 was harves ted in a year . T h e s ter i le na ture o f 
the geno type has an advantage as there i s no d e p l e t i o n of 
photosynthates w h i c h i s conse rved w i t h o u t d i v e r s i o n t o 
p o d f o r m a t i o n . D e v e l o p m e n t o f r h i z o m a t o u s roo ts he lps 
easy m u l t i p l i c a t i o n ; wa t e r s tored in those r h i z o m e s he lps 
to t i de o v e r advers i t ies a n d makes i t d r o u g h t resistant . 
T h e profuse adven t i t i ous roo ts he lp i n b i n d i n g the s o i l 
and p reven t e ros ion . T h e dense fo l i age he lps to smothe r 
weeds. L i k e any other l egume , th i s geno type enr iches s o i l 
f e r t i l i t y t h r o u g h r o o t nodules . Fur ther , i t was i m m u n e t o 
fo l iar diseases such as rust and leaf spots. As the g roundnu t 
c r o p has w i d e adap tab i l i t y , th i s geno type m a y also adapt 
t o v a r y i n g e c o l o g i c a l n iches o f th i s vast c o u n t r y . 
Acknowledgments. The supply of w i l d species A. cardenasii 
( I C G 11563) b y I C R I S A T , Patancheru, I n d i a i s g r a t e f u l l y 
a c k n o w l e d g e d . T h e authors are t h a n k f u l t o the I n d i a n 
C o u n c i l o f A g r i c u l t u r a l Research ( I C A R ) , N e w D e l h i , I n d i a 
f o r the f inanc ia l suppor t r endered f o r the p r o g r a m . 
Storability of Groundnut Seeds in 
Different Packaging M e d i a 
K Rajgopal and K Chandran (National Research Centre 
for Groundnut, Ivnagar Road, PB No. 5, Junagadh 362 001, 
Gujarat, India) 
T h e g e r m p l a s m o f c u l t i v a t e d g r o u n d n u t i s g e n e r a l l y 
s to red i n the f o r m o f pods i n a m b i e n t c o n d i t i o n s w h e r e 
c o l d storage f a c i l i t y i s n o t ava i l ab le . D i f f e r e n t p a c k a g i n g 
m e d i a , d e p e n d i n g o n a v a i l a b i l i t y , cost , a n d conven ience 
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i n h a n d l i n g , are n o r m a l l y used f o r s torage o f pods . U n d e r 
n o r m a l s torage c o n d i t i o n s , the v i a b i l i t y o f g r o u n d n u t 
seeds i s re ta ined f o r one yea r (Sankara R e d d i 1988) . T h e 
f requen t regenera t i on o f g e r m p l a s m accessions a f fec ts 
the p u r i t y o f the accessions. T h e r e f o r e , the i d e n t i f i c a t i o n 
o f a n i dea l p a c k a g i n g m e d i u m f o r a m b i e n t s torage c o u l d 
p r o v e t o be b e n e f i c i a l t o genebank cura tors t o re ta in the 
seed v i a b i l i t y f o r a l onge r d u r a t i o n a n d in m a i n t a i n i n g the 
w o r k i n g co l l ec t i on a t b reed ing centers as th is w o u l d reduce 
the expenses on f requen t regenera t i on o f accessions. 
Th i s s tudy was under taken w i t h f ou r released g roundnu t 
cu l t ivars ( J 1 1 , G G 2 , G A U G 10, and G G 20 ) a t the Na t i ona l 
Resea rch C e n t r e f o r G r o u n d n u t , J u n a g a d h , I n d i a . T o 
regenera te adequate q u a n t i t y o f pods , the f o u r cu l t i va rs 
w e r e s o w n i n r a i n y season o f 1994 a n d harves ted d u r i n g 
October and N o v e m b e r 1994. The pods were dr ied (mois ture 
content 3 . 6 1 - 3 . 9 1 % ) in the sun fo r 10 days. We l l -deve loped 
and h e a l t h y pods w e r e s tored i m m e d i a t e l y a f ter d r y i n g i n 
f i ve pakaging media: (1) kraf t paper bags ( K R B ) ; (2) tar-coated 
k r a f t paper bags ( T K B ) ; ( 3 ) p o l y e t h y l e n e bags o f 7 0 0 
gauge th ickness ( P L B ) ; ( 4 ) t r i - l a y e r e d a l u m i n i u m f o i l 
pouches ( T L P ) w i t h 1 2 µ each o f a l u m i n i u m a n d po lyester 
a n d 2 5 0 gauze p o l y l a m i n a t i o n ; a n d ( 5 ) t ransparen t p o l y -
e thy lene conta iners ( P C N ) w i t h sc rew caps. I n the f i r s t 
f o u r t rea tments 20 packets ( 5 0 p o d s each) w e r e s to red 
whereas in the last treatment, four containers of 2 kg capac i ty 
w e r e used t o get su f f i c i en t m a t e r i a l f o r t es t i ng o v e r the 
pe r iod . The in i t i a l ge rm ina t i on percentage and the mo is tu re 
content we re es t imated be fo re storage o f pods ( I S T A 
1976). 
T h e K R B and T K B w e r e c losed b y s tap l i ng a s sea l ing 
w i t h syn the t i c g l ue does n o t last l o n g d u r i n g s torage, 
whereas the P L B a n d T L P w e r e h e r m e t i c a l l y sealed. T h e 
temperature ranged f r o m 11.3°C to 4 0 ° C and the re la t i ve 
h u m i d i t y f r o m 3 0 . 8 % t o 9 0 % d u r i n g the p e r i o d o f storage. 
F i f t y seeds per t rea tment rep l i ca ted t w i c e w e r e tested f o r 
g e r m i n a t i o n in a g e r m i n a t o r a t 3 0 ° C a t 6 - m o n t h i n te rva l s . 
The n o r m a l seedl ings p roduced after s ix days o f i ncuba t ion 
were used fo r c o m p u t i n g the ge rm inab i l i t y (Tables 1 and 2 ) . 
R o o t l eng th was measured in ten r a n d o m seed l ings and 
T a b l e 1 . In f luence of three factors on germinat ion a n d seedling v igor index of groundnut 1 . 
Factor 
Packages ( A ) 
Error 
Cul t ivars (B) 
A x B 
Period (C) 
A x C 
B x C 
A x B x C 
Error 
d f 
4 
4 
3 
12 
4 
16 
12 
48 
95 
Germinat ion (%) 
MSS 
24033.9** 
16.7 
8 9 4 . 1 * * 
204 .3* * 
12642.2** 
772 .8* * 
86 .5** 
111.7** 
24.3 
SE 
0.64 
0.69 
1.06 
0.78 
1.74 
1.56 
3.49 
Seedling vigor index 
MSS 
969517.6** 
1448.1 
113359.2** 
4 2 8 1 3 . 1 * * 
1072593.8** 
22200.0** 
23708.9** 
7764.4 
5220.4 
SE 
6.02 
10.22 
22.84 
11.42 
25.55 
22.85 
51.09 
1 . d f = Deg rees o f f r e e d o m ; M S S = M e a n s u m o f squa re ; S E - S tanda rd e r ro r ; * * S i g n i f i c a n t a t 1 % l e v e l . 
T a b l e 2 . M e a n seed viabi l i ty and seedling vigor index of four groundnut cult ivars in dif ferent packaging media under five 
storage per iods ( in months) . 
Package1 
K R B 
T K B 
P L B 
T L P 
PCN 
Germinat ion (%) 
6 
68.4 
64.6 
87.2 
93.1 
89.5 
12 
38.3 
51.4 
80.8 
86.9 
79.0 
18 
26.9 
41.8 
75.7 
84.0 
74.5 
24 
10.3 
13.8 
72.3 
76.8 
61.0 
30 
0.7 
4.3 
57.1 
72.9 
33.5 
Seedling vigor index 
6 
411 
314 
742 
842 
750 
12 
142 
201 
596 
696 
521 
18 
113 
130 
524 
616 
512 
24 
35 
40 
431 
490 
276 
30 
2 
13 
351 
462 
143 
1 . K R B = K r a f t p a p e r b a g s ; T K B = T a r - c o a t e d k r a f t p a p e r b a g s ; P L B - P o l y e t h y l e n e b a g s ; T L P - T r i - l a y e r e d a l u m i n i u m p o u c h e s ; 
P C N = P o l y e t h y l e n e c o n t a i n e r s . 
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the seedling v i g o r index ( S V I ) was calculated by m u l t i p l y i n g 
the r o o t l e n g t h w i t h g e r m i n a t i o n percentage as suggested 
b y A b d u l - B a k i a n d A n d e r s o n ( 1 9 7 3 ) . T h e observat ions 
c o n t i n u e d f o r 3 0 m o n t h s at 6 - m o n t h i n t e rva l s , t i l l the 
v i a b i l i t y was r educed t o about 7 0 % i n a l l the t reatments , 
w h i c h was set a s the m i n i m u m s tandard fo r regenera t ion . 
T h e three fac tor A N O V A ind i ca t ed h i g h l y s ign i f i can t 
i n f l uence o f the packages, c u l t i v a r s , and storage p e r i o d 
o n g e r m i n a t i o n and S V I ( T a b l e 1). A l l in te rac t ions were 
f o u n d t o b e h i g h l y s ign i f i can t ( P < 0 . 0 0 1 ) . T h o u g h the s ig -
n i f i c a n t d i f fe rence be tween the cu l t i va r s was observed 
for v i a b i l i t y and S V I , the t rend was same in a l l the cul t ivars . 
Hence , the data was p o o l e d to iden t i fy the suitable package 
m e d i a fo r p o d storage. 
I n i t i a l ge rmina t ion ranged f r o m 9 8 . 7 % t o 100% and S V I 
r anged f r o m 8 8 0 t o 1020. Seeds s tored i n K R B and T K B 
los t b o t h v i a b i l i t y a n d s e e d l i n g v i g o r a t a faster rate 
i r respec t ive o f cul t ivars (Table 2 ) . The v i a b i l i t y was 6 8 . 4 % 
i n K R B and 6 4 . 6 % i n T K B after 6 months and was reduced 
t o 0 . 7 % and 4 . 3 % respec t ive ly a t 3 0 m o n t h s o f storage. 
T h e l o n g e v i t y o f seeds was re ta ined above 7 0 % u p t o 2 4 
m o n t h s o f storage i n he rme t i ca l l y sealed P L B and up t o 18 
months o n l y i n P C N . The m a x i m u m v i a b i l i t y ( 7 2 . 9 % ) a t 30 
m o n t h s was r ecorded i n seeds s tored i n T L P ; also S V I 
was h i g h . T h e S V I s h o w e d c o r r e s p o n d i n g decrease w i t h 
g e r m i n a t i o n percentage. 
T h e s tudy c o n f i r m s that g r o u n d n u t pods can be 
covenient ly stored in hermetical ly sealed T L P for 30 months . 
T h u s regenera t ion cost o f g e r m p l a s m c o u l d b e reduced 
b y u s i n g s i m p l e storage m e d i a fo r conse rva t ion i n a m b i -
ent c o n d i t i o n s . Bass ( 1 9 6 8 ) r epo r t ed that under ambien t 
cond i t i ons g r o u n d n u t seeds s tored in permeable envelops 
lost v i ab i l i t y w i t h i n 6 months but those stored in impermeable 
m a t e r i a l re ta ined f u l l v i a b i l i t y for m o r e than three years. 
A c k n o w l e d g m e n t T h e authors thank M r Sugad S ingh for 
h is t e chn i ca l assistance in c o n d u c t i n g the expe r imen t . 
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Identification of M a l e Sterile M u t a n t 
in Groundnut 
R K M a t h u r and P Manivel (National Research Centre 
for Groundnut, Ivnagar Road, PB N o . 5, Junagadh 
362 001, Gujarat, India) 
One o f the handicaps i n s t u d y i n g g r o u n d n u t ( A r a c h i s 
hypogaea) genet ics and ca r ry ou t b r e e d i n g is the s m a l l 
size o f segregat ing p o p u l a t i o n that i s gene ra l l y ava i l ab l e 
w i t h the breeder. This is m a i n l y due to diff icul t ies in a r t i f i c ia l 
h y b r i d i z a t i o n , w h i c h are gene ra l ly associated w i t h l o w 
success in g e t t i n g F 1 seeds. O n e of the poss ib le w a y s to 
tackle this problem could be the identification of male s ter i l i ty 
system in groundnut . Th i s system w i l l facil i tate the breeders 
t o a v o i d the tedious process o f emascu la t ion and g e t t i n g 
m o r e success i n a r t i f i c i a l h y b r i d i z a t i o n . I n g r o u n d n u t , the 
ma le s t e r i l i t y i n segregat ing genera t ion o f cer ta in i n t r a -
speci f ic crosses and its inher i t ance has been r epor t ed by 
U p a d h y a y a and N i g a m ( 1 9 9 6 ) . M u t a g e n s have also been 
used f o r i n d u c i n g m a l e s t e r i l i t y i n several c rops ( B u r t o n 
and H a n n a 1976, Jan and Ru tge r 1988) . In th is a r t i c l e we 
repor t a m a l e s ter i le m u t a n t selected from segrega t ing 
p o p u l a t i o n o f the Spanish b u n c h g r o u n d n u t ( A r a c h i s 
hypogaea subsp fastigiata var vulgaris) c u l t i v a r G i r n a r 1 
t reated w i t h e t h y l methane sulfonate ( E M S ) . 
T h e d r y and u n i f o r m s ized seeds o f c u l t i v a r G i r n a r 1 
were pre-soaked in d i s t i l l e d wa te r fo r 12 h and then trans-
ferred to different concentrations o f d ie thy l sulfonate ( D E S ) 
and E M S in aqueous m e d i u m a n d kep t f o r 4 h ( T a b l e 1). 
For combinat ion treatments o f D E S and E M S , the pre-soaked 
seeds were soaked in i n d i v i d u a l mu tagen ic s o l u t i o n in 
sequence for 4 h each. T rea ted seeds w e r e washed f o r 30 
m i n i n r u n n i n g wa te r and s o w n i n the f i e l d a l o n g w i t h the 
unt rea ted c o n t r o l i n the e x p e r i m e n t a l p l o t o f the N a t i o n a l 
Research Cent re fo r G r o u n d n u t , Junagadh, I n d i a , d u r i n g 
ra iny season (khar i f ) 1994 and summer 1995. The M 2 genera-
t i o n was ra ised i n p lan t t o p r o g e n y r o w m e t h o d d u r i n g 
r a i n y season 1995. 
W h i l e ha rves t ing the M 2 gene ra t ion i n r a i n y season 
1995, some podless plants w i t h reduced h e i g h t a n d s m a l l 
leaves w e r e n o t i c e d . O n c loser e x a m i n a t i o n they w e r e 
f o u n d t o have o n l y f r e s h f l o w e r s w i t h o u t any pegs o r 
pods . T h e anthers o f these p lants were t rans lucent w h i t e 
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a n d c o n t a i n e d n o o r v e r y f e w s ter i le p o l l e n g ra ins w h e n 
s tud ied u n d e r the m i c r o s c o p e u s i n g ace toca rm ine a n d i n 
the i n v i t r o p o l l e n g e r m i n a t i o n test ( M a l i k a n d C h a b b r a 
1976). T h i s mu tan t was not iced o n l y i n t w o E M S treatments 
( T a b l e 1). I t w a s obse rved i n one o u t o f 161 p r o g e n y r o w s 
i n E M S 0 .01 % t rea tmen t a n d one o u t o f 2 2 4 p r o g e n y r o w s 
i n E M S 0 . 2 0 % t rea tment . I n the p r o g e n y i n E M S 0 . 0 1 % , 5 
o u t o f 1 8 p lan ts w e r e m a l e s ter i le whereas i n the p r o g e n y 
i n E M S 0 . 2 0 % , 1 0 o u t o f 2 7 p lan ts w e r e m a l e s ter i le . I n 
b o t h cases the x 2 test w a s a p p l i e d a n d i t f i t s i n the ra t i o o f 
3:1 f o r ma le fer t i le:male sterile ind icat ing the recessive nature 
o f ma le s ter i l i ty . I n ra iny season o f 1996 ( M 3 ) a n d 1997 (M 4 ) 
the p r o g e n y b u l k s w e r e g r o w n i n w h i c h such p lan ts w e r e 
aga in n o t i c e d a n d f o u n d s ter i le . 
In M5 generat ion (1998 ra iny season), some steri le p lan ts 
w e r e p o l l i n a t e d w i t h p o l l e n f r o m d i f f e ren t genotypes, v iz . , 
G i r na r 1 (parent va r ie ty ) , M 13 (a popu la r V i r g i n i a r unne r 
v a r i e t y ) , a n d P B S 11003 ( d o m i n a n t m a r k e r f o r r edd i sh 
f l o w e r a n d stem co lo r ) . On a l l the p lants , po l l i na ted f l o w e r s 
d e v e l o p e d i n t o g y n o p h o r e s a n d resu l ted i n t o pods a n d 
seeds. T h e n o n - p o l l i n a t e d f l o w e r s d i d n o t resu l t i n t o 
gynophores . I t c lear ly ind icated that these plants are f ema le 
fe r t i l e and m a l e ster i le. T h i s m a l e ster i le m u t a n t w a s des ig -
na ted as G i r n a r 1 m s . T h e h y b r i d seeds o b t a i n e d f rom 
p o l l i n a t e d f l o w e r s w e r e s o w n i n concre te cemen t b l o c k s 
(2 .5 m x 1 m) d u r i n g M a r c h 1999 . T h e r e s u l t i n g F1 p lan ts 
w e r e n o r m a l i n p h e n o t y p e ( l i k e m a l e pa ren t ) a n d a l l w e r e 
f e r t i l e . T h e y p r o d u c e d n o r m a l g y n o p h o r e s , p o d s , a n d 
seeds. By d i g g i n g the so i l s u r r o u n d i n g the F 1 p lan ts ( w i t h 
m i n i m u m disturbance) the mature pods were col lected d u r i n g 
J u l y 1999 . Because these p lan ts w e r e s t i l l g reen a n d w e r e 
p r o d u c i n g c o n t i n u o u s f l o w e r s besides c o n t a i n i n g m a n y 
h a n g i n g pegs , some a d d i t i o n a l so i l was a p p l i e d a r o u n d 
the p lan ts . D u r i n g Sep tember 1999 , second h a r v e s t i n g o f 
T a b l e 1 . T r e a t m e n t s a n d f requency of ma le sterile m u t a n t in M 2 generat ion in g r o u n d n u t 
Mutagen treatment1 
DES 0 . 0 1 % 
DES 0.02% 
DES 0.05% 
DES 0.10% 
DES 0.20% 
E M S 0 . 0 1 % 
E M S 0 .02% 
E M S 0 .04% 
E M S 0 .05% 
E M S 0 .10% 
E M S 0 .20% 
DES 0 . 0 1 % + E M S 0 . 0 1 % 
DES 0 . 0 1 % + E M S 0 .02% 
DES 0 . 0 1 % + E M S 0 .04% 
DES 0 .02% + E M S 0 . 0 1 % 
DES 0 .02% + E M S 0 .02% 
DES 0 .02% + E M S 0 .04% 
DES 0 .05% + E M S 0.05% 
DES 0 .05% + E M S 0.10% 
DES 0 .10% + E M S 0.05% 
DES 0 .10% + E M S 0 .10% 
Tota l 
No . o f M 2 
progeny 
rows 
-
-
-
-
-
1612 
-
-
-
-
2242 
-
-
-
-
-
-
-
-
-
-
Plant 
populat ion 
2983 
3510 
6742 
6779 
654 
2861 
2842 
2085 
5771 
6060 
6642 
1564 
2161 
2460 
2004 
2507 
2155 
6115 
6533 
6262 
6994 
Frequency 
o f mutant 
(%) 
-
-
-
-
-
0.17 
-
-
-
-
0.15 
-
-
-
-
_ 
-
-
-
-
-
Total number o f 
plants in segregating 
progeny (M 2 ) 
Sterile 
_ 
-
-
-
-
5 
-
-
-
-
10 
-
-
-
-
-
_ 
-
-
-
-
15 
Ferti le 
_ 
-
-
-
-
18 
-
-
-
-
27 
-
-
-
-
-
-
-
-
-
-
45 
c2 value 
(3:1 ratio) 
_ 
-
-
-
_ 
0.13 
-
-
-
-
0.08 
-
-
— 
-
-
-
-
-
-
-
Probabi l i ty 
_ 
-
-
-
-
0 .50-0.75 
-
-
-
-
0.75-0.90 
-
-
-
-
-
-
-
-
-
-
0.95-0.99 
1 . D E S = D i e t h y l s u l f o n a t e ; E M S = E t h y l m e t h a n e s u l f o n a t e . 
2 . M a l e s te r i l e p l a n t s w e r e o b s e r v e d i n one p r o g e n y . 
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T a b l e 2 . Salient features of male sterile m u t a n t G i r n a r 1 
ms a n d its p a r e n t G i r n a r 1 1 . 
Salient characteristics 
Height of main axis (cm) 
M a x i m u m branch height (cm) 
Number of pr imary branches 
Number of secondary branches 
Number of nodes on main axis 
Number of leaves plant -1 
Internode length (cm) 
Leaflet length (cm) 
Leaflet w id th (cm) 
Petiole length (cm) 
Girnar 1 ms 
6.50 
8.20 
4.00 
1.30 
9.70 
42.00 
0.60 
1.03 
0.48 
2.16 
Girnar 1 
25.30 
29.00 
4.07 
1.30 
9.90 
43.00 
2.55 
3.50 
1.70 
4.40 
1. O b s e r v a t i o n s are based on 100 p lan t s in G i r n a r 1 ms and SO 
p lan t s i n G i r n a r 1 . 
Quantitative Studies on M a t i n g System 
of Groundnut 
these F1 p lan t s was done . T h e pods harves ted from each 
p l an t w e r e kep t separately. T h e inher i tance studies based 
o n the F 2 resul ts w i l l be s tud ied i n r a i n y season 2 0 0 0 . 
Q u a n t i t a t i v e observa t ions w e r e r eco rded on 100 ma le 
steri le plants and on 50 plants in parent G i r n a r 1 (Tab le 2 ) . 
T h e m a l e s ter i le m u t a n t G i r n a r 1 ms was d w a r f h a v i n g 
s m a l l a n d r o u n d e d leaves. T h e n u m b e r o f nodes o n the 
m a i n axis was same i n b o t h m u t a n t a n d parent ; i n t emodes 
w e r e shor ter i n m u t a n t p lants and hence resu l ted i n shor t 
s tature. 
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The amount and nature of genetic va r i ab i l i t y in a p o p u l a t i o n 
depend i n par t o n its m a t i n g sys tem. I n a d d i t i o n t o self-
f e r t i l i z a t i o n , au togamous species unde rgo v a r y i n g degree 
o f i n t e r m a t i n g . A l l a r d and W o r k m a n ( 1 9 6 3 ) and H a r d i n g 
and T u c k e r ( 1 9 6 4 ) have g i v e n methods fo r e s t ima t ing ou t -
c ross ing w h e n se lec t ion i s present and/or e q u i l i b r i u m 
gene f requencies cannot be assumed. These m e t h o d s are 
based o n estimates o f the f r e q u e n c y o f d o m i n a n t i n d i -
v i d u a l s appear ing i n the p r o g e n y o f recessive i n d i v i d u a l s 
taken at r a n d o m from the p o p u l a t i o n . G r o u n d n u t (Arachis 
hypogaea) is m a i n l y a s e l f - p o l l i n a t e d species. T h e ex ten t 
o f na tu ra l c r o s s - p o l l i n a t i o n i n th i s species was h i g h l y 
variable (Hammons and Leuck 1966, C u l p et a l . 1968, Coffe l t 
1989, N i g a m e t a l . 1990) . W h e t h e r c r o s s - p o l l i n a t i o n i s 
r a n d o m o r n o t has no t been s tud ied so far. T h e purpose o f 
the present i n v e s t i g a t i o n was to s tudy the m a t i n g system 
i n v o l v e d i n ce r t a in a r t i f i c i a l p o p u l a t i o n o f th i s species 
u s i n g d i f f e ren t markers a n d seasons a n d years. 
T r u e b r e e d i n g " g o l d e n y e l l o w l e a f a n d " p u c k e r e d 
l e a f mu tan t s w e r e p l an t ed w i t h T A G 2 4 ( h o m o z y g o u s 
d o m i n a n t ) i n al ternate r o w s i n separate p lo t s . T h e spac ing 
in a l l the p lo t s was 30 cm x 10 c m . T h e e x p e r i m e n t was 
conduc ted a t the N a t i o n a l Research Centre fo r G r o u n d n u t , 
Junagadh, I n d i a , i n r a i n y season ( k h a r i f ) a n d s u m m e r c r o p 
season o f 1997 and r a i n y season o f 1998. Since mu tan t s 
a n d the h o m o z y g o u s n o r m a l s ( T A G 2 4 ) w e r e e q u a l l y 
f requen t i n bo th the a r t i f i c i a l l y cons t ruc ted p o p u l a t i o n s , 
the gene f r e q u e n c y ' q ' i n b o t h the cases was assumed t o 
be 0.5. 
T h e e s t ima t ion p rocedure d e v e l o p e d b y H a r d i n g a n d 
T u c k e r ( 1 9 6 4 ) was adopted . L e t ' a ' a n d ' b ' denote the 
n u m b e r o f he t e rozygo tes a n d recess ive h o m o z y g o t e s 
r e spec t ive ly in the o f f sp r ings generated by recessivse 
h o m o z y g o t e s o f a p o p u l a t i o n . T h e m a x i m u m l i k e l i h o o d 
( M L ) est imate o f the ou tc ros s ing p r o p o r t i o n i s then g i v e n 
b y : 
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w i t h va r iance : 
H o w e v e r , s ince n o t a l l t he crosses w i l l b e obse rved , 
and as homogeneous mat ings w i l l g i ve r ise to homozygo tes , 
a n ad jus ted M L es t imate o f t o t a l ou t c ross ing , g i v e n 
b e l o w , s h o u l d ins tead be used : 
w h e r e q i s the gene f r e q u e n c y o f se lected h o m o z y g o t e . 
P rov ided q i s k n o w n , the ML estimate o f var the var iance 
o f a , can b e c o m p u t e d f r o m : 
w h e r e p + q = 1 and N = a+b . Since, q=p=0 .5 is k n o w n and 
d i d n o t exceed 0.15 in the present s tudy , the above f o r m u l a 
w a s u t i l i z e d f o r c o m p u t a t i o n o f va r iance o f 
T a b l e 1 presents the f requenc ies o f he te rozygo tes (a ) , 
t o ta l o f f s p r i n g s ( N ) , est imates o f ou t c ross ing a n d 
t he i r s tandard d e v i a t i o n s f o r f i v e a r t i f i c i a l l y c o n -
s t ruc ted p o p u l a t i o n s o f t w o d i f f e r e n t l e a f ma rke rs i n t w o 
d i f f e ren t seasons and years. T h e est imates o f ou tc ross ing , 
p o o l e d o v e r years and seasons, f o r g o l d e n y e l l o w l e a f 
( 0 . 0 1 1 6 ) a n d p u c k e r e d l e a f ( 0 . 0 3 3 0 ) w e r e he terogeneous 
as r e v e a l e d by x 2 test (x 2 1 d f = 102 .8 ; P < 0 . 0 0 1 ) . Seasonal 
v a r i a t i o n i n ou t c ross i ng rates i n p u c k e r e d l e a f m u t a n t was 
neg l ig ib le ( x 2 1 d f = 0 . 7 6 9 1 ; P>0 .005) w h i l e i t was considerable 
i n g o l d e n y e l l o w l e a f m u t a n t (x 2 1 d f = 2 3 . 2 ; P<0 .001 ) . T h e 
d i f fe rences i n degree o f seasonal f l u c t u a t i o n s i n outcross-
i n g rate a m o n g the t w o mutants m i g h t be the express ion o f 
va r i ab le geno t ype x e n v i r o n m e n t i n t e rac t i on in these t w o 
mutan ts . T h e expe r imen t s w i t h b o t h the mu tan t s w e r e 
c o n d u c t e d i n a c o m m o n e x p e r i m e n t a l f i e l d i n b o t h t he 
seasons. H e n c e , the obse rved degree o f seasonal f l u c t u a -
t ions o f outcrossing in them cannot be ascribed to d i f ferences 
in insect (pol l inator) populat ions available in the exper imenta l 
p lo ts . H o w e v e r , the p re fe ren t ia l v i s i t o f insects t o se lected 
f l o w e r f o r m s canno t b e r u l e d ou t a n d poss ib le d i f f e rences 
i n the f l o w e r f o r m i n t he m u t a n t s are s u p p o s e d t o b e 
g e n e t i c a l l y c o n t r o l l e d . T h e o u t c r o s s i n g d u r i n g r a i n y 
season in t w o years in go lden y e l l o w lea f was homogeneous 
(X 2 1 d f =0 .0059 ; P>0 .005 ) 
T h e compos i te est imate o f ou tc ross ing f o r pucke red 
l ea f ( 0 . 0 3 3 0 ) was a lmos t three t i m e s h i g h e r t han tha t i n 
g o l d e n y e l l o w l ea f ( 0 . 0116 ) . T h e a p p r o x i m a t e expec ted 
range due t o r a n d o m f l u c t u a t i o n l e a f w a s 
- 0 . 0 0 6 2 t o 0 .0294 f o r g o l d e n y e l l o w a n d w a s - 0 . 0 1 0 6 t o 
0 .0766 f o r p u c k e r e d leaf . B u t i f the obse rved f l uc tua t i ons 
were used the approx imate range fo r go lden y e l -
l o w l ea f and p u c k e r e d l e a f was - 0 . 0 0 1 0 t o 0 .0242 a n d 
0 .0182 to 0 .0478 respec t i ve l y w h e r e s 2 w a s c o m p u t e d 
ass 2 = [ 1 / ( n - 1 ] [ - ( 1 / n ) ] ; n = 3 f o r g o l d e n y e l -
l o w lea f and n = 2 fo r puckered leaf. The observed f luc tuat ion 
in a f o r g o l d e n y e l l o w l ea f was a p p r o x i m a t e l y 1.5 t i m e s 
less than the f luc tua t ions expec ted on the basis o f r a n d o m 
chance a lone S im i l a r l y f o r puckered leaf 
was 4 .45. In b o m the mutants , the observed f l u c t u a -
t i ons w e r e less t h a n the f l uc tua t ions expec ted due to 
chance a lone. Hence , i t c o u l d be c o n c l u d e d tha t the o u t -
c ross ing in a l l the p o p u l a t i o n s w a s a r a n d o m event . 
T a b l e 1 . Es t imat ion of outcrossing in g r o u n d n u t using golden yel low leaf a n d puckered leaf mutants as m a r k e r s a t 
Junagadh, India 1 . 
Marker 
Golden ye l low leaf 
Tota l 
Puckered leaf 
Tota l 
Year/Season 
1997 rainy season 
1997 summer crop season 
1998 rainy season 
1997 summer crop season 
1998 rainy season 
a 
8 
9 
126 
143 
12 
56 
68 
N 
1147 
5822 
17714 
24683 
619 
3506 
4125 
q 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.0139 
0.0031 
0.0142 
0.0116 
0.0388 
0.0319 
0.0330 
0.0416 
0.0185 
0.0105 
0.0089 
0.0563 
0.0237 
0.0218 
1. a = F r e q u e n c y o f h e t e r o z y g o t e s ; N = T o t a l o f f s p r i n g s ; q = G e n e f r e q u e n c y ; * S t a n d a r d d e v i a t i o n . 
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T h e m a t i n g sys tem i s c o m m o n l y cons idered t o be the 
c h i e f fac tor d e t e r m i n i n g the genet ic s t ructure and e v o l u -
t i o n a r y p o t e n t i a l i n a p o p u l a t i o n . T h e m a t i n g system o f 
present p o p u l a t i o n s of A. hypogaea was a m i x e d system 
o f r a n d o m m a t i n g and se l f - f e r t i l i za t ion . O n e o f the i m p o r -
tant features o f the v a r i a b i l i t y in i n b r e e d i n g species i s 
genet ic d i f f e r e n t i a t i o n be tween popu l a t i ons w i t h i n the 
species. C l i n a l v a r i a t i o n i s f r equen t ly observed in asso-
c i a t i o n w i t h p rogress ive changes i n r a i n f a l l , tempera ture , 
a n d o the r factors o f the p h y s i c a l e n v i r o n m e n t and such 
loca l d i f ferent ia t ion appears to p rov ide the scope of massive 
storage o f genet ic v a r i a b i l i t y . I t i s t rue that p o p u l a t i o n 
s t ruc ture in i n b r e e d i n g species i s m u c h m o r e c o m p l i c a t e d 
than has been c o m m o n l y supposed and p r o b a b l y i t does 
n o t t ake the same f o r m in a l l i nb reed ing species o r even in 
d i f f e ren t popu la t i ons o f the same species. Fo r example , i n 
Phaseolus lunatus, heterozygotes and homozygotes of S/s 
locus w e r e equa l i n fi tness w h e n a l l three genotypes were 
equally frequent in populat ion (Hard ing et al. 1966). However , 
w h e n heterozygotes were rare in the popula t ion , their fitness 
increased to homozygotes . Thus, the maintenance of stable 
n o n t r i v i a l p o l y m o r p h i s m depends on a c o m p l e x set of in-
t e r a c t i o n b e t w e e n gene t i c fac tors , m a t i n g sys tems, and 
eco log i ca l factors. The observed v a r i a b i l i t y o f outcross ing 
in groundnut under different ecological-conditions (d i f ferent 
years and seasons) i n d i f f e ren t m a r k e r s tocks m a y w e l l 
c o n t r i b u t e to a c o m p l e x p o p u l a t i o n s t ructure . W o r k m a n 
( 1 9 6 4 ) and A l l a r d e t a l . ( 1 9 6 8 ) have discussed in de ta i l the 
e v o l u t i o n a r y consequences and s ign i f i cance of such a 
m a t i n g sys tem. 
References 
A l l a r d , R . W . , J a i n , S .K. , and W o r k m a n , P . L . 1968. The 
genet ics o f i n b r e e d i n g species. A d v a n c e s i n Genet ics 
14:55-131. 
A l l a r d , R . W . , and W o r k m a n , P . L . 1963. Populat ion studies 
i n p r e d o m i n a n t l y s e l f - p o l l i n a t e d species. I V . Seasonal 
f l u c t u a t i o n i n es t imated values o f genet ic parameters i n 
l i m a bean popu l a t i on . E v o l u t i o n 18 :470 -480 . 
Coffe l t , T . A . 1989. N a t u r a l cross ing o f peanut i n V i r g i n i a . 
Peanut Science 1 6 : 4 6 - 4 8 . 
C u l p , T . W . , Bai ley , W . K . , and H a m m o n s , R . O . 1968. 
N a t u r a l h y b r i d i z a t i o n o f peanuts, Arachis hypogaea L . in 
V i r g i n i a . C r o p Science 8 : 1 0 9 - 1 1 1 . 
H a m m o n s , R . O . , and L e u c k , D . B . 1966. N a t u r a l cross-
p o l l i n a t i o n of the peanut, Arachis hypogaea L . , in presence 
o f bees a n d th r ip s . A g r o n o m y Jou rna l 58 :396 . 
H a r d i n g , J . , A l l a r d , R . W . , and Smel tzer , D . G . 1966. 
P o p u l a t i o n studies in p r e d o m i n a n t l y s e l f p o l l i n a t e d spe-
cies. I X . F requency dependant se lec t ion in Phaseolus 
lunatus. Proceedings o f the N a t i o n a l A c a d e m y o f Sciences 
o f the U n i t e d States o f A m e r i c a 5 6 : 9 9 - 1 0 4 . 
H a r d i n g , J . , and Tucker , C . L . 1964. Quanti tat ive studies on 
m a t i n g systems. I . E v i d e n c e fo r the nonrandomness o f 
ou tc ross ing in Phaseolus lunatus. H e r i d i t y 1 9 : 3 6 9 - 3 8 1 . 
N i g a m , S .N . , V a s u d e v a R a o , M . J . , and G i b b o n s , R . W . 
1990. A r t i f i c i a l h y b r i d i z a t i o n i n g r o u n d n u t . I n f o r m a t i o n 
B u l l e t i n no . 29. Patancheru 502 324, A n d h r a Pradesh, Ind ia : 
In t e rna t iona l Crops Research Ins t i tu te f o r the S e m i - A r i d 
T r o p i c s . 28 pp . 
W o r k m a n , P . L . 1964. The maintenance o f he te rozygos i ty 
by pa r t i a l negat ive assortative m a t i n g . Genet ics 50:1369— 
1382. 
Genetics and Interrelationship of O i l and 
Protein Contents in Crosses Involving 
Confectionery Genotypes of Groundnut 
D L Parmar, A L Rathna K u m a r , and P S Bharodia 
(National Research Centre for Groundnut, Ivnagar Road, 
PO Box No. 5, Junagadh 362 001 , Gujarat, India) 
W i t h the c h a n g i n g scenario i n the g l o b a l t rade i n genera l , 
and i n ag r i cu l tu re i n pa r t i cu la r , the emphas is i n the 
g r o u n d n u t b reed ing p r o g r a m i n I n d i a i s s h i f t i n g t o w a r d s 
the d e v e l o p m e n t o f large-seeded genotypes w i t h l o w o i l , 
h i g h prote in , and h i g h sugar contents to meet the standards 
fo r i n t e rna t iona l t rade. A n under s t and ing o f r e l a t i o n s h i p 
and genet ic c o n t r o l o f o i l and p r o t e i n contents s h o u l d 
fac i l i t a te the b reed ing strategies to select f o r i m p r o v e d 
seed q u a l i t y t ra i ts . Hence genet ic analysis was ca r r i ed ou t 
on 28 non-rec iprocal d i a l l e l crosses i n v o l v i n g large-seeded 
con fec t ione ry V i r g i n i a genotypes o f g r o u n d n u t f o l l o w i n g 
H a y m a n ' s (1954) approach. The F 1s and F2s of these crosses 
w e r e g r o w n i n a r a n d o m i z e d b l o c k d e s i g n w i t h three 
rep l i ca t ions . 
Da ta o n p r o t e i n and o i l contents w e r e r e c o r d e d o n 
t w e n t y r a n d o m l y selected plants in F 1 a n d F 2 genera t ions 
f o r each cross. P ro te in con ten t was es t imated based on 
t o t a l n i t r o g e n con ten t o f seed b y m i c r o K j e l d a h l m e t h o d 
(Jackson 1967) , and o i l con ten t was es t imated f o l l o w i n g 
speci f ic g r a v i t y m e t h o d ( M i s r a e t a l . 1993) . C o r r e l a t i o n 
coef f ic ien ts a n d h e r i t a b i l i t y est imates ( i n n a r r o w sense) 
w e r e es t imated. 
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Genet ic analysis o f o i l content ind icated the s ign i f i cance 
o f o n l y non - f i xab le genet ic components o f var iance (H 1 and 
H 2 ) in b o t h F 1 and F 2 genera t ions i n d i c a t i n g the p r e p o n -
derance o f n o n - a d d i t i v e gene ef fects i n the inher i tance o f 
o i l c o n t e n t ( T a b l e 1) . B o t h a d d i t i v e a n d n o n - a d d i t i v e 
gene t i c var iances w e r e f o u n d i m p o r t a n t i n the inher i tance 
o f p ro te in content . H o w e v e r , non-add i t i ve genet ic var iances 
w e r e h i g h e r i n m a g n i t u d e than add i t i ve componen ts i n the 
t w o generat ions s tud ied . O v e r d o m i n a n c e [ (H 1 /D) 1 / 2 ] was 
observed f o r p ro te i n con ten t in b o t h F 1 and F 2 generat ions. 
T h e he r i t ab i l i t y est imate f o r o i l con tent was l o w a n d fo r 
p r o t e i n con ten t w a s mode ra te t o h i g h i n b o t h the genera-
t i ons . O i l a n d p r o t e i n conten ts s h o w e d s t rong nega t i ve 
re la t i onsh ip ( r = - 0 . 7 4 ) i nd i ca t i ng that se lect ion f o r l o w o i l 
s h o u l d resu l t i n h i g h p r o t e i n con ten t . 
B r e e d i n g procedures that m o p up non -add i t i ve var iance 
e f f e c t i v e l y , l i k e b ipa ren ta l m a t i n g o r r e c i p r o c a l recu r ren t 
se lec t i on , s h o u l d b e f o l l o w e d t o select f o r h i g h p r o t e i n o r 
l o w o i l con tent ( B r i m and B u r t o n 1979) . 
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Evaluation of Bold-seeded Groundnut 
Accessions for Confectionery Attributes 
K Rajgopal, K Chandran, J B Misra , P K Bhalodia, 
and R S Mathur (National Research Centre for Groundnut, 
Ivnagar Road, PB No. 5, Junagadh 362 001 , Gujarat, India) 
A l t h o u g h g r o u n d n u t i n I n d i a i s p r i m a r i l y used as an o i l -
seed, i t i s a lso c o n s u m e d d i r e c t l y as f o o d because o f i ts 
pa l a tab i l i t y . Bes ides o i l (abou t 4 8 % ) a n d p r o t e i n (abou t 
2 2 % ) , g r o u n d n u t seeds con ta in ca rbohydra tes ( 1 0 % ) , 
m inera ls ( 3 % ) , and B c o m p l e x v i t am ins espec ia l ly t h i a m i n 
(1 mg 100g - 1 )andn iac in (17mg 100g - 1 ) - Hand-p icked selected 
( H P S ) seeds o f g r o u n d n u t are i m p o r t a n t f o r expo r t . T h e 
seed size (seed mass) i s one o f the m o s t i m p o r t a n t t rade 
at t r ibute f o r expor t o f H P S g roundnu t . A m i n i m u m mass o f 
44 g f o r 100 seeds is essent ia l f o r a g r o u n d n u t samp le to 
q u a l i f y i ts g r a d i n g as H P S (Sankara R e d d i 1988) . O f la te , 
o the r sources o f o i l have star ted c o m p e t i n g w i t h g r o u n d -
nu t in Ind ia . F o r ensur ing a better p ro f i t ab i l i t y to g roundnu t 
f a r m e r s , i t i s des i rab le t o f i n d a l te rna te uses o f g r o u n d -
n u t f o r f o o d a n d f o o d p roduc ts . T h e large seed size i s o f 
cons ide rab le impo r t ance f o r d i rec t c o n s u m p t i o n . 
A m o n g the c u l t i v a t e d f o r m s , var ie t ies b e l o n g i n g t o the 
subsp hypogaea v a r hypogaea have s h o w n cons ide rab le 
va r ia t ion in seed mass ( 2 1 - 1 1 6 g 100 - 1 seeds) in the p r i m a r y 
gene p o o l (Bhaga t e t a l . 1985 , S i m p s o n e t a l . 1992) . T h u s , 
there ex is ts a cons ide rab le scope f o r i m p r o v e m e n t o f the 
cu l t i va ted g roundnu t cu l t ivars f o r con fec t ionery purposes. 
O f the 118 bo ld -seeded accessions eva lua ted f o r t w o 
years , 12 accessions w e r e f u r t h e r eva lua ted a l o n g w i t h 
con t ro l s f o r p o d y i e l d a n d seed q u a l i t y a t the N a t i o n a l 
Research Cent re f o r G r o u n d n u t ( N R C G ) , Junagadh , I n d i a . 
T h e t r i a l was conduc ted f o r t w o years d u r i n g r a i n y season 
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T a b l e 1 . Es t imat ion o f genetic components o f var iance for oi l a n d prote in contents in g r o u n d n u t 
Charater 
O i l 
Protein 
Generation 
F1 
F2 
F1 
F2 
Genetic components of variance1 
D 
2.15 
±1.55 
2.16 
±0.98 
35 .40* * 
±8.11 
35 .40* * 
±4.70 
H1 
11.21* 
±3.57 
54.67* 
±9.02 
76 .83* * 
±18.65 
324.58** 
±43.20 
H 2 
9.99* 
±0.11 
36 .67* * 
±7.85 
64 .18* * 
±16.23 
194.37** 
±37.58 
h2 
0.50 
±0.08 
0.05 
±1.32 
36.12* 
±10.88 
17.63* 
±6.30 
F 
1.63 
±0.67 
7.76 
±4.64 
12.75 
±19.17 
127.22** 
±22.20 
(H1/D)1/2 
-
-
1.47 
3.03 
Her i tab i l i ty 
(narrow sense) 
( % ) 
18.3 
18.0 
35.5 
66.7 
t2 
6.004 
3.263 
6.153 
0.061 
1. * S i g n i f i c a n t a t P = 0 . 0 5 % ; * * S i g n i f i c a n t a t P = 0 . 0 1 % . 
o f 1991 a n d 1992 i n r a n d o m i z e d b l o c k des ign w i t h three 
rep l i ca t i ons . A 4 - m p l o t s ize w i t h i n t e r r o w a n d i n t r a - r o w 
spac ings o f 6 0 c m a n d 1 0 c m , respec t i ve l y was adop ted . 
E a c h p l o t c o m p r i s e d th ree r o w s . S tandard c u l t u r a l p rac-
t ices w e r e f o l l o w e d to ra ise a g o o d c r o p . Observa t i ons on 
p o d y i e l d , she l l i ng percentage, sound matu re seeds ( S M S ) , 
a n d 100-seed mass w e r e reco rded . T h e seed samples o f 
one season w e r e ana l yzed f o r o i l , p r o t e i n , and sucrose 
contents f o l l o w i n g K u c k and St. A n g e l o (1980 ) , Ba l l en t i ne 
( 1 9 5 7 ) , and A s h w e l l ( 1 9 5 7 ) , respect ive ly . 
T h e average p o d y i e l d ranged f r o m 1240 kg ha - 1 t o 2318 
kg ha*'. Accessions N R C G s 5 5 0 5 , 8 9 3 9 , and 5850 p roduced 
s i g n i f i c a n t l y greater p o d y i e l d than con t ro ls (Tab le 1). A l l 
the accessions studied showed u n i f o r m matu r i t y . A l t h o u g h 
the accessions in te rac ted w i t h seasons, i t d i d no t m u c h 
a f fec t the re la t i ve rank ings f o r p o d y i e l d (de ta i led data no t 
p resented) . N R C G 5505 r a n k e d f i r s t a n d N R C G 5 8 5 0 
r a n k e d f o u r t h i n b o t h seasons. H o w e v e r , N R C G 8 9 3 9 
r a n k e d second i n 1991 a n d f o u r t h i n 1992. S h e l l i n g pe r -
centage w a s r e l a t i v e l y n a r r o w w i t h a m i n i m u m o f 6 0 . 5 % 
for N R C G 5850 and m a x i m u m o f 6 8 . 2 % for N R C G 7276, w i t h 
n o s i gn i f i can t v a r i a t i o n a m o n g accessions (excep t f o r 
N R C G 5850) . The S M S percentage was h ighest f o r N R C G 
8939 (90 .5%) and lowest fo r cont ro l G G 1 1 (77 .5%) . N R C G s 
8 9 3 9 , 7 2 3 9 , and 7 2 7 6 gave s i g n i f i c a n t l y h i g h e r S M S than 
b o t h the con t ro l s . T h e 100-seed mass ranged f rom 4 6 . 8 g 
f o r G G 1 1 t o 69 .9 g f o r N R C G 8939 . N R C G s 8 9 3 9 , 5 8 5 0 , 
7 2 7 6 , 5 5 0 5 , and 7 5 0 gave a s i g n i f i c a n t l y h i g h e r 100-seed 
mass than the c o n t r o l M 13. T h e o i l con ten t r anged f rom 
48 .1 % (M 13) t o 5 1 . 4 % ( N R C G 839) , p ro te in content f r om 
1 9 . 3 % ( N R C G 9 1 2 ) t o 2 3 . 5 % ( N R C G 2 8 6 3 ) , a n d sucrose 
f r o m 4 . 7 % ( G G 1 1 ) t o 7 . 1 % ( N R C G 912). 
T h e S M S percentage a n d the o i l con ten t o f seeds o f 
V i r g i n i a b u n c h genotypes w e r e s i g n i f i c a n t l y h i g h e r than 
those o f V i r g i n i a r u n n e r geno types w h i l e t he reverse w a s 
t rue f o r sucrose conten t . 
F o r c o n f e c t i o n e r y pu rpose , besides h i g h e r 100-seed 
mass and S M S , seeds w i t h l o w e r o i l con ten t a n d h i g h e r 
p ro te in and sucrose contents are p re fe r red . T h e accessions 
N R C G s 2863, 5505, 7276, and 8939 have l ow o i l , h igh prote in, 
a n d h i g h sucrose contents and w e r e i d e n t i f i e d f o r con fec -
t i o n e r y purpose . T h e la t ter t w o accessions a lso p r o d u c e d 
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T a b l e 1 . P o d yie ld and qual i ty at t r ibutes of some bold-seeded accessions pooled over t w o years ( 1 9 9 1 and 1992) . 
N R C G no. 
Virginia bunch 
7276 
7239 
8939 
5505 
839 
2863 
Mean 
Virginia runner 
2746 
698 
5850 
734 
912 
750 
Mean 
Cont ro l 
Cont ro l 
SEm 
CD (0.05) 
Other 
ident i ty 
JL 55 
JL 60 
B A U 12 
RS 1 
N C A C 1855 
UF 780-14 
Florispan runner 
N C A C 2831 
Va r61 -R 
N C A C 324 
N C A C 2938 
N C A C 6755 
GG 11 
M 13 
Pod y ie ld 
(kg ha-1) 
1593 
1515 
2095 
2318 
1613 
1415 
1758 
1240 
1437 
1650 
1428 
1498 
1607 
1476 
1401 
1320 
±86 
311 
Physical attributes 
Shelling 
( % ) 
68.2 
67.9 
64.8 
67.2 
67.8 
66.6 
67.1 
66.6 
65.6 
60.5 
66.4 
65.9 
66.2 
65.2 
67.1 
65.5 
±1.3 
3.6 
Sound mature 
seeds (%) 
86.3 
87.7 
90.5 
82.8 
82.7 
81.1 
84.1 
78.3 
81.0 
82.3 
79.9 
78.3 
79.3 
79.7 
77.5 
78.7 
±2.1 
5.9 
100-seed 
mass (g) 
57.2 
54.1 
69.9 
56.3 
54.8 
54.2 
56.2 
52.9 
50.2 
57.5 
49.4 
53.7 
56.3 
53.1 
46.8 
51.5 
±1.6 
4.6 
Chemical attributes 
Oi l 
( % ) 
49.4 
50.6 
50.0 
50.5 
51.4 
50.7 
50.5 
50.7 
50.3 
48.4 
50.6 
49.1 
48.6 
49.4 
51.0 
48.1 
-
-
Protein 
( % ) 
22.2 
21.1 
20.3 
20.7 
21.1 
23.5 
21.4 
21.1 
22.8 
19.4 
22.3 
19.3 
22.0 
21.2 
21.1 
20.8 
-
-
Sucrose 
( % ) 
5.3 
6.2 
5.5 
6.2 
4.9 
5.1 
5.4 
5.6 
6.0 
6.1 
6.0 
7.1 
6.0 
6.2 
4.7 
6.6 
-
-
h i g h e r p o d y i e l d . T h e y m a y there fore b e used f o r gene t ic 
enhancement f o r i m p r o v i n g the seed q u a l i t y t ra i ts a l o n g 
w i t h p o d y i e l d . 
A c k n o w l e d g m e n t . T h e authors are g ra t e fu l t o M r Sugad 
S i n g h f o r p r o v i d i n g t e c h n i c a l assistance. 
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Evaluation of Some Confectionery Type 
Advanced Breeding Lines of Groundnut 
P Manivel , R K Mathur, A Bandyopadhyay, M Y Samdur, 
and J B Misra (National Research Centre for Groundnut, 
Ivnagar Road, PB No. 5, Junagadh 362 001 , Gujarat, India) 
G r o u n d n u t i s one o f the i m p o r t a n t o i l s eed c rops o f I n d i a 
a n d also a n i m p o r t a n t expor t ab l e a g r i c u l t u r a l c o m m o d i t y . 
W i t h a n annual g roundnu t p roduc t i on o f about 8 3 m i l l i o n t , 
I nd i a ranks second, after China , a m o n g groundnut p r o d u c i n g 
count r i es a n d con t r ibu tes abou t 2 6 . 7 % t o the w o r l d 
g r o u n d n u t p r o d u c t i o n . I nd i a ' s share in in te rna t iona l expor t 
o f she l led g r o u n d n u t s has been g r o w i n g f o r the last f e w 
years a n d w i t h a n e x p o r t o f 2 5 5 , 0 0 0 1 i n 1997, i t ' s share i s 
2 2 % ( F A O 1999). 
W i t h the g r o w t h o f o ther c o n v e n t i o n a l a n d n o n - c o n -
v e n t i o n a l vegetable o i l seed crops in the past t w o decades 
in I n d i a , the pressure on g r o u n d n u t c r o p as a source o f 
vegetable o i l has eased cons ide rab ly a n d i t can n o w be 
l o o k e d u p o n a s a n i t e m o f h i g h l y n u t r i t i v e f o o d besides a n 
o i l . H o w e v e r , i t w o u l d b e necessary t o d e v e l o p g r o u n d -
nu t var ie t ies m o r e sui table f o r d i r ec t c o n s u m p t i o n a n d 
process ing . H a n d - p i c k e d and selected ( H P S ) g r o u n d n u t s 
are p r e m i u m ed ib le grade nuts and in great d e m a n d a l l 
ove r the w o r l d . V a r i o u s p h y s i c a l , sensory, c h e m i c a l , and 
n u t r i t i o n a l factors de te rmine the q u a l i t y o f ed ib l e g r o u n d -
nu t ( N i g a m e t a l . 1989). G r o u n d n u t w i t h large seed, l o w o i l 
but w i t h h i g h oleic acid/ l inoleic ac id ( O / L ) rat io i s preferred. 
There fo re the N a t i o n a l Research Cent re f o r G r o u n d n u t 
( N R C G ) , Junagadh, Gujarat, Ind ia has undertaken a p rog ram 
t o d e v e l o p cu l t i va r s m o r e sui table f o r d i r ec t c o n s u m p t i o n 
and process ing . T w e l v e advanced b r e e d i n g l ines w e r e 
evaluated a long w i t h 3 cont ro ls (B 95 , Somnath , and I C G V 
8 9 2 1 1 ) fo r p o d y i e l d and seed q u a l i t y t ra i t s . 
A r ep l i ca t ed t r i a l was c o n d u c t e d in r a i n y season 
( k h a r i f ) 1998. Seeds o f each genotype w e r e s o w n in 5 - row 
p lo t s ( r o w l eng th 5 m ; i n t e r r o w spac ing 6 0 c m ; and p l an t 
spac ing 10 c m ) . Standard c u l t u r a l pract ices r e c o m m e n d e d 
fo r the r e g i o n w e r e f o l l o w e d fo r r a i s ing the c rop . T h e c rop 
was harvested a t 1 1 0 - 1 2 0 days d e p e n d i n g on its m a t u r i t y . 
Obse rva t ions o n p o d y i e l d , a n d p h y s i c a l a n d c h e m i c a l 
character is t ics o f seeds w e r e r eco rded . T h e s o u n d m a t u r e 
seeds o f each geno type w e r e ana lyzed f o r o i l ( K u c k a n d 
St. A n g e l o 1980) , p r o t e i n ( B a l l e n t i n e 1957) , f r e e a m i n o 
a c i d (Spies 1957) , and sugar ( A s h w e l l , 1957) . 
S ign i f i can t geno typ ic differences were observed i n p o d 
y i e l d a n d seed q u a l i t y t ra i t s ( T a b l e 1). P o d y i e l d o f P B S 
2 9 0 1 7 was h i g h ( 2 8 8 6 k g h a - 1 c o m p a r e d t o the c o n t r o l 
I C G V 8 9 2 1 1 ( 1 6 3 8 k g ha - 1). T h e s h e l l i n g percentage also 
d i f fe red s ign i f i can t ly and ranged f rom 5 8 . 2 % ( P B S 19003) 
t o 7 0 . 7 % ( P B S 2 9 0 2 6 ) . A s the r a n k i n g s o f the geno types 
f o r p o d y i e l d a n d s h e l l i n g percentage d i f f e r e d , the d i f f e r -
ences i n p o d y i e l d w e r e n o t p r o p o r t i o n a t e l y r e f l e c t e d i n 
the seed y i e l d . T h e g e n o t y p e P B S 2 9 0 1 7 h a d h i g h seed 
y i e l d ( 2 0 0 0 k g ha -1) c o m p a r e d t o the best c o n t r o l S o m n a t h 
( 1 5 5 5 k g ha - 1) . T h e 100-seed mass o f the test geno types 
a n d c o n t r o l s r a n g e d f rom 53 .9 g ( P B S 2 9 0 3 6 ) to 76 .7 g 
( I C G V 8 9 2 1 1 ) . N o n e o f the genotypes w e r e supe r io r o v e r 
the best c o n t r o l ( I C G V 8 9 2 1 1 ) . H o w e v e r , P B S 2 9 0 1 7 a n d 
P B S 2 9 0 2 0 w e r e s t a t i s t i ca l ly o n par w i t h the second best 
c o n t r o l , S o m n a t h . 
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A m o n g the test geno types , o i l con ten t was h ighes t i n 
P B S 11039 and lowes t i n P B S 2 9 0 3 6 . T h e p ro te i n con ten t 
ranged f rom 15.5% to 32 .9% and PBS 11039 had higher prote in 
con ten t t han the best c o n t r o l , B 95 . T h e f ree a m i n o ac id 
content o f seeds ranged f rom 0 . 2 1 % (PBS 29017) to 0.62 % 
( P B S 2 9 0 2 6 ) . Seven genotypes h a d l o w e r f r e e a m i n o ac id 
con ten t than the best con t ro l s (B 95 a n d Somna th ) . 
T h e r e d u c i n g sugar con ten t ranged f r o m 0 . 1 6 % ( P B S 
11039) t o 1 . 2 1 % ( P B S 2 9 0 2 6 ) . F i v e geno types had l o w e r 
r e d u c i n g sugar con ten t t han the best con t ro l s ( I C G V 
8 9 2 1 1 a n d B 95 ) . H o w e v e r , the r e d u c i n g sugar con ten t o f 
P B S 2 9 0 2 6 was f i v e t imes tha t o f the best con t ro l s ( B 9 5 
and I C G V 89211) . Sucrose content ranged between 9 . 7 4 % 
( P B S 2 9 0 3 6 ) and 4 . 4 0 % (PBS 29027) . PBS 29036 and P B S 
2 9 0 3 1 h a d h i g h e r sucrose con ten t t han the best c o n t r o l 
I C G V 8 9 2 1 1 . 
A l l the geno types , excep t P B S 2 9 0 3 6 , h a d > 5 0 % o i l 
con ten t . A p o s i t i v e assoc ia t ion b e t w e e n h i g h o i l con ten t 
a n d seed size has been repo r t ed ear l ie r ( K a l e e t a l . 1988 , 
D w i v e d i e t a l . 1990) . P B S 2 9 0 3 6 i s the best geno type 
based o n c o m p a r a b l e pod /seed y i e l d , l o w o i l con ten t , and 
h i g h sucrose con ten t m a n con t ro l s . P B S 11039 i s another 
p r o m i s i n g geno type due to its h i g h seed y i e l d , h i g h p ro te in 
con ten t , a n d v e r y l o w r e d u c i n g sugar conten t . I t be longs 
to Spanish b u n c h g r o u p a n d matures i n 110 days w h i l e the 
c o n t r o l s m a t u r e i n 125 days . 
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T a b l e 1 . Y i e l d a n d qual i ty characteristics o f confectionery g roundnut genotypes. 
Growth 
Genotype habit 
PBS 29017 Virginia 
PBS 29031 Virginia 
PBS 11039 Spanish 
PBS 20910 Virginia 
PBS 29020 Virginia 
PBS 29036 Virginia 
PBS 20093 Virginia 
PBS 29027 Virginia 
PBS 29033 Virginia 
PBS 29026 Virginia 
PBS 19003 Spanish 
PBS 29035 Virginia 
Cont ro l 
Somnath Virginia 
B 95 Virginia 
I C G V 89211 Virginia 
Mean 
C D (5%) 
Pedigree 
M 13 x N C A c 17500 
M 13 x N C A c 17278 
Dh 3-30 x N C A c 2214 
M 13 x N C A c 17278 
M 13 x N C A c 17278 
M 13 x Robut 33-1 
M 13 x N C A c 17278 
M 13 x N C A c 17278 
M 13 x N C A c 17494 
M 13 x N C A c 17278 
M 13 x PI 314817 
M 13 x Robut 33-1 
Pod 
y ie ld 
(kg ha-1) 
2886 
2715 
2752 
2576 
2534 
2538 
2595 
2317 
2383 
2162 
2534 
2107 
2206 
1797 
1638 
2383 
702.1 
Shelling 
( % ) 
69.3 
70.2 
68.0 
70.4 
70.6 
66.3 
64.5 
69.9 
67.1 
70.7 
58.2 
68.8 
70.4 
65.1 
66.4 
67.0 
1.73 
Seed 
yield 
(kg ha-1) 
2000 
1909 
1874 
1817 
1793 
1683 
1673 
1620 
1600 
1527 
1474 
1446 
1555 
1170 
1088 
1615 
485.6 
100-seed 
mass 
(8) 
69.3 
61.1 
58.6 
62.7 
64.1 
53.9 
55.5 
60.7 
55.2 
61.3 
55.0 
62.1 
69.0 
63.2 
76.7 
61.9 
5.46 
Chemical attributes1 (%) 
O i l 
51.6 
53.3 
53.8 
51.5 
52.6 
47.3 
53.0 
50.7 
50.6 
52.8 
52.7 
51.4 
52.3 
53.8 
52.5 
52.0 
Protein 
26.0 
20.1 
32.9 
26.3 
23.6 
20.7 
28.5 
15.5 
21.3 
23.4 
28.1 
18.0 
24.8 
29.6 
25.2 
24.3 
6.67 
Sucrose 
5.66 
9.02 
7.39 
8.17 
6.15 
9.74 
6.47 
4.40 
5.21 
7.63 
7.97 
7.09 
7.78 
7.46 
8.82 
7.26 
0.11 
F A A RS 
0.21 0.23 
0.29 0.35 
0.33 0.16 
0.38 0.26 
0.23 0.21 
0.37 0.27 
0.27 0.20 
0.22 1.09 
0.29 0.26 
0.62 1.21 
0.33 0.22 
0.25 0.33 
0.30 0.22 
0.30 0.24 
0.28 0.24 
0.31 0.37 
1.51 0.59 
1 . F A A = Free a m i n o a c i d ; R S = R e d u c i n g sugar . 
N i g a m , S . N . , D w i v e d i , S .L . , R e d d y , L . J . , and Vasudeva 
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Patancheru 5 0 2 324 , A n d h r a Pradesh, I n d i a : In t e rna t iona l 
C r o p s Research Ins t i t u t e f o r the S e m i - A r i d T r o p i c s . 
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Screening Foliar Disease Resistant 
Groundnut Genotypes for Tolerance to 
Lime-induced I r o n Chlorosis 
B N Motagi , M V C Gowda, and G K Naidu (Department 
o f Genetics and Plant Breeding, Univers i ty o f 
A g r i c u l t u r a l Sciences, Dharwad 580 005, Karnataka, 
India) 
Chloros is due to i r o n def ic iency i s one o f the most impor tan t 
fac tors l i m i t i n g g r o u n d n u t p r o d u c t i v i t y i n la rge stretches 
o f ca lcareous so i l s i n I n d i a . A n e c o n o m i c a n d p r a c t i c a l l y 
feasible app roach t o a l l ev ia te th i s p r o b l e m i s t o g r o w i r o n 
absorp t ion e f f i c ien t and p roduc t i ve cu l t ivars . V i s u a l scores 
f o r i r o n ch lo ros i s and c h l o r o p h y l l es t imat ions o f 50- t o 6 0 -
d a y - o l d p l an t samples g r o w n in po t t ed calcareous soi l were 
considered as reliable cri teria to classify cu l t ivars as i r o n -
ef f ic ien t a n d i ron - ine f f i c i en t ( K u l k a r n i e t a l . 1995, Samdur 
e t a l . 1 9 9 9 ) . 
M o s t o f the present -day var ie t ies under c u l t i v a t i o n are 
i r o n - i n e f f i c i e n t a n d e x i s t i n g e f f i c i en t l ines are n o t sui table 
fo r c o m m e r c i a l c u l t i v a t i o n as they lack desirable ag ronomic 
features a n d p r o d u c t i v i t y . H e n c e , there is a s t rong need 
t o i d e n t i f y i r o n - e f f i c i e n t / t o l e r a n t genotypes c o m b i n i n g 
o t h e r d e s i r a b l e a t t r ibu te s . T h e present i n v e s t i g a t i o n 
envisages to screen the f o l i a r disease resistant p r o d u c t i v e 
geno types f o r to le rance t o i r o n - d e f i c i e n c y ch lo ros i s . 
Th i r t e en genotypes c o m p r i s i n g fo l i a r disease resistant 
mu tan t s a n d cross de r iva t ives a n d t h e i r suscept ib le sister 
l ines a l o n g w i t h r u l i n g suscept ible c u l t i v a r s a n d resis tant 
c u l t i v a r / g e r m p l a s m w e r e screened f o r i r o n - d e f i c i e n c y 
ch lo ros i s i n p o t expe r imen t s d u r i n g 1999 r a i n y season. 
Pots o f u n i f o r m size w e r e f i l l e d w i t h n o r m a l s o i l ( p H 7 .6 ; 
4 . 8 % c a l c i u m carbonate) a n d calcareous s o i l ( p H 8.9; 
1 9 . 9 8 % c a l c i u m carbonate) . I n each p o t three seeds w e r e 
d i b b l e d i n t r i a n g u l a r f a sh ion a t equid is tance . T h e pots 
w e r e wa te red r e g u l a r l y u p t o f i e l d capac i ty a n d the plants 
w e r e r e g u l a r l y p r o t e c t e d aga ins t pests a n d diseases. 
I r o n d e f i c i e n c y was measured b y v i s u a l c h l o r o t i c r a t i n g 
on 1-5 scale ( 1 = d a r k g r e e n , 2 = g r e e n , 3 = l i g h t g r e e n , 
4 = l i g h t y e l l o w , a n d 5 = y e l l o w w i t h c h l o r o t i c spots) at 60 
days after emergence ( D A E ) . T h e t h i r d l e a f o f m a i n axis o f 
each p l an t o f a l i n e was co l l ec t ed , b u l k e d , a n d t h e n t o t a l 
c h l o r o p h y l l content ( m g g - 1 o f f r e s h w e i g h t ) was es t imated 
a t 6 0 D A E b y f o l l o w i n g the p rocedure o f S h o a f a n d L i u m 
( 1 9 7 6 ) . Based o n v i s u a l c h l o r o t i c r a t i n g the geno types 
were grouped into three categories: (1 ) Eff icient (E) : s h o w i n g 
d a r k green t o green leaves w i t h v i s u a l c h l o r o t i c r a t i n g o f 
< 2 . 5 ; ( 2 ) M o d e r a t e l y e f f i c i en t ( M E ) : l i g h t green leaves 
w i t h v i s u a l c h l o r o t i c r a t i n g o f 2 . 5 - 3 . 5 ; a n d ( 3 ) I n e f f i c i e n t 
( I E ) : genotypes w i t h l i g h t y e l l o w t o y e l l o w leaves w i t h 
v i s u a l c h l o r o t i c r a t i n g o f >3 .5 and p lants s h o w i n g some 
i n t e r v e i n a l ch lo ros i s ( a t y p i c a l s y m p t o m o f i r o n d e f i -
c i e n c y ) l e a d i n g t o c o m p l e t e ch lo ros i s w i t h appearance o f 
w h i t e pape ry leaves a t later stages. 
T h e i r o n - a b s o r p t i o n e f f i c i en t geno types G B F D S 2 7 2 
and D h 8 e x h i b i t e d least ( < 3 0 % ) r e d u c t i o n i n c h l o r o p h y l l 
content ( T a b l e 1). T h e r e d u c t i o n ranged f r o m 3 0 % t o 5 0 % 
in the m o d e r a t e l y - e f f i c i e n t g e n o t y p e s , D 3 9 d a n d i ts 
suscept ib le sister l i n e D 39ds , suscept ib le r u l i n g c u l t i v a r s 
( J L 2 4 , T M V 2 , T A G 2 4 ) , and the resistant c u l t i v a r I C G V 
86590 . O n the con t ra ry , mutan t s V L 1,28-2 , and 28 -2 (S) , 
t h e cross d e r i v a t i v e B 3 7 c , a n d the s u s c e p t i b l e c u l t i v a r 
R 8808 were inefficient and recorded more than 5 0 % reduct ion 
i n c h l o r o p h y l l content . 
F o l i a r disease resistant p r o d u c t i v e geno types , G B F D S 
272 and D 3 9 d ( M o t a g i et a l . 2000) have eff icient/moderately 
e f f i c i e n t status a n d can be g r o w n in ca lcareous so i l s . 
These geno types can serve a s donor s o f i r o n - a b s o r p t i o n 
e f f i c i ency i n h y b r i d i z a t i o n p rog rams . 
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T a b l e 1 . P e r f o r m a n c e o f fo l i a r disease resistant g r o u n d n u t genotypes fo r i ron -absorp t ion eff ic iency a t D h a r w a d , 
K a r n a t a k a , I n d i a , ra iny season 1999. 
Genotype 
Mutants 
V L 1 
28-2 
28-2(S) 
Cross derivatives 
D 39d 
D 39d(S) 
B 37c 
Susceptible cultivars 
Dh 8 
R 8808 
JL 24 
T M V 2 
T A G 24 
Resistant cultivar/germplasm 
I C G V 86590 
GBFDS 272 
Grand Mean 
C D (5%) 
C V (%) 
Total ch lorophyl l content1 
(mg g -1 fresh weight) 
Normal Calcareous 
1.06fg 0.44g 
1.11f 0 .34h 
1.15e 0 .15 i 
1.18e 0 .74d 
1.32c 0.74d 
1.03g 0.45g 
1.25d 0 .88b 
1.65a 0.56e 
1.18e 0 .79bc 
1.08fg 0.57e 
1.44b 0 .81bc 
0 .91h 0 . 5 8 f 
1.16e 0.93a 
1.18 0.61 
0.03 0.02 
1.28 1.65 
Reduction in 
chlorophyl l 
content 
(%) 
58.19 
69.40 
86.91 
37.42 
43.67 
56.59 
29.92 
66.11 
33.30 
47.60 
43.77 
36.22 
19.62 
48.85 
Visual chlorotic rating 
(1 -5 scale) 
Normal Calcareous 
1.5 4.0 
2.5 4.5 
1.5 5.0 
1.5 3.0 
1.5 3.0 
2.0 4.5 
1.0 2.0 
2.0 4.0 
1.5 3.0 
1.5 3.5 
1.5 3.5 
1.5 3.0 
1.0 2.0 
I ron-
efficiency 
status2 
IE 
IE 
IE 
M E 
M E 
IE 
E 
IE 
M E 
M E 
M E 
M E 
E 
1 . F i gu res w i t h same le t ters d o n o t d i f f e r s i g n i f i c a n t l y a t 5 % l eve l o f p r o b a b i l i t y . 
2 . E = E f f i c i e n t ; ME = M o d e r a t e l y e f f i c i e n t ; and IE = I n e f f i c i e n t . 
Performance of Virginia Groundnut 
Varieties in the Northeastern D r y Zone 
of Karnataka, India 
P Surendra1 , D M Mahalinga2 , S D Yeishetty2, and 
M S Patil3 ( 1 . College of Agr icul ture, Bi japur 586 101, 
Karnataka, India; 2. Agr icul tural Research Station, 
Gulbarga 585 101, Karnataka, India; 3. Regional Research 
Station, Bi japur 586 101, Karnataka, India) 
G r o u n d n u t ( A r a c h i s hypogaea) is an i m p o r t a n t o i l seed 
c r o p in K a r n a t a k a , I n d i a . I t i s c u l t i v a t e d in an area o f 1.3 
m i l l i o n ha , w i t h p r o d u c t i o n b e i n g 1.0 m i l l i o n t and p roduc -
t i v i t y 0.8 t h a - 1 (D i r ec to ra te o f A g r i c u l t u r e 1997) . I n a d -
equate a n d unp red i c tab le r a i n f a l l c o u p l e d w i t h disease 
a n d pest p r o b l e m s makes r a i n f e d u p l a n d g r o u n d n u t c u l t i -
v a t i o n u n p r o f i t a b l e . D e v e l o p m e n t and e v a l u a t i o n o f 
d r o u g h t res is tant / to lerant var ie t ies i s one o f the impo r tan t 
b r e e d i n g ob jec t i ves i n th i s r e g i o n . T h e e x p e r i m e n t was 
c o n d u c t e d d u r i n g r a i n y season ( k h a r i f ) ( J u n e - O c t o b e r ) i n 
u s i n g approp r ia te s ta t is t ica l m e t h o d s ( p o o l e d ana lys i s ) t o 
assess the s i gn i f i cance o f the data ( T a b l e 1). I n c i d e n c e o f 
rus t a n d late l e a f spot w a s scored u s i n g 1 -9 scale 
( S u b r a h m a n y a m e t a l . 1995) . L e a f m i n e r inc idence was re -
co rded u s i n g 1-9 scale, w h e r e 1 = no damage and 9 = 8 1 -
1 0 0 % de fo l i a t i on . 
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C rops Research Ins t i tu te f o r the S e m i - A r i d T r o p i c s . 24 p p . 
1995 a n d 1996 a t the A g r i c u l t u r a l Research S ta t i on , 
Gu lbarga located i n the northeastern D r y Zone o f Ka rna taka . 
T h e average r a i n f a l l i s 7 2 0 m m o f w h i c h a n average o f 524 
m m i s r e c e i v e d i n the r a i n y season. T h e so i l i s m e d i u m 
b l a c k w i t h p H o f 7.0 t o 7 .5 . F i v e V i rg i n i a (subsp hypogaea 
v a r hypogaea) var ie t ies a n d a l oca l cu l t i va r w e r e g r o w n in 
a r a n d o m i z e d b l o c k des ign w i t h th ree rep l i ca t i ons . T h e 
p lo t consisted o f f i ve rows o f 4.8 m each w i t h 45 cm i n te r row 
a n d 1 5 c m i n t r a - r o w spac ing . R e c o m m e n d e d a g r o n o m i c 
pract ices we re imp lemen ted a n d adequate p lan t popu la t ions 
we re ma in ta ined . Da ta poo led over t w o years were ana lyzed 
Performance of Local Spreading Type 
Groundnut Genotypes at B i japur in 
Karnataka, India 
B G Prakash, N Y Naykar, and K M Halaswamy 
(Regional Research Station, Bi japur 586 101, Karnataka, 
India) 
K a r n a t a k a state o f I n d i a g r o w s g r o u n d n u t o n 1.24 m i l l i o n 
h a w i t h a p r o d u c t i o n o f 1.03 m i l l i o n t . I n B i j a p u r a n d 
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T a b l e 1 . M e a n p e r f o r m a n c e o f V i rg in ia genotypes o f g r o u n d n u t a t the A g r i c u l t u r a l Research S t a t i o n , G u l b a r g a , 
K a r n a t a k a , I n d i a , 1995 a n d 1996 r a i n y season1. 
Var iety 
I C G V 86699 
I C G V 87165 
GBFDS 272 
ICGS 76 
C S M G 84-1 
S 230 
Mean 
SEm 
C V (%) 
Pod y ie ld 
( t ha-1) 
1.97** 
1.96** 
1.82* 
1.56 
1.44 
0.94 
1.58 
±0.19 
24.00 
Shelling 
( % ) 
59.8 
60.4* 
57.5 
65 .4** 
59.1 
59.3 
59.0 
±2.93 
9.97 
O i l content 
( % ) 
47.2* 
47 .6* * 
47.0* 
44.0 
43.6 
46.1 
45.6 
±0.86 
3.55 
O i l y ie ld 
(t ha-1) 
0 .55** 
0.56** 
0.59* 
0.45 
0.37 
0.26 
0.48 
±0.08 
11.50 
Score 
Rust2 
1.4** 
1.6* 
1.7* 
5.7 
2.5 
4.3 
3.33 
±0.16 
20.25 
Late leaf spot2 
1.7* 
1.4* 
1.9* 
6.3 
3.3 
4.7 
4.67 
±0.20 
20.77 
Leaf miner3 
1.03 
1.07 
1.30 
1.33 
0.97 
0.67 
0.93 
±0.08 
7.11 
1 . * S i g n i f i c a n t a t 5 % ; * * S i g n i f i c a n t a t 1 % . 
2 . S c o r e d on a 1 - 9 sca le , w h e r e 1 = no i n c i d e n c e , a n d 9 - > 8 0 % i n c i d e n c e . 
3 . S c o r e d on a 1 - 9 sca le , w h e r e 1 = no d a m a g e , a n d 9 - 8 1 - 1 0 0 % d e f o l i a t i o n . 
T a b l e 1 . P e r f o r m a n c e o f s p r e a d i n g g r o u n d n u t geno t ypes a t t h e R e g i o n a l R e s e a r c h S t a t i o n , B i j a p u r , I n d i a , 1996 a n d 
1 9 9 8 r a i n y season . 
Genotype 
ICG 1008 
ICG 2773 
(JH 60 x A-sel) x (NRCG 2144) 
Mamdapur Local 1 
Mamdapur Local 2 
Kolar Local 
Chiknandi Local 1 
Mamdapur Local 3 
Shcttibhavi Local 
Devoor Local 
Hanumnal Local 
Ni lagol Local 
Hanumasagar Local 
Mustigere Local 
ICG 544 
Hor t i Local 1 
Hor t i Local 2 
ICG 821 
ICG 9713 
Khadak Local 
Chiknandi Local 2 
Anagal Local 
Muttalger i Local 
Bevoor Local 1 
Bevoor Local 2 
Badami Local 
Kushtageri Local 1 
Kushtageri Local 2 
Jalihal Local 1 
Jalihal Local 2 
Ron Local 
Sankeshwar Local 
Sirur Local 
S 230 
SEm 
C D (5%) 
C V (%) 
Bud necrosis1 (%) 
(1996) 
43.5 
48.2 
52.4 
63.6 
65.5 
55.0 
52.0 
42.5 
45.8 
66.6 
41.7 
47.0 
4.5 
56.2 
72.3 
70.5 
64.8 
18.4 
22.0 
55.4 
8.6 
74.4 
64.0 
77.0 
58.5 
65.0 
49.1 
70.3 
65.4 
55.0 
43.6 
58.1 
62.5 
57.6 
Disease rating2 (1998) 
Late leaf 
spot 
6.5 
8.0 
5.5 
4.5 
6.0 
5.5 
4.5 
4.0 
6.5 
5.0 
8.5 
5.0 
3.5 
5.0 
4.5 
5.0 
6.0 
3.0 
6.5 
7.0 
5.0 
6.5 
5.5 
5.0 
5.5 
6.5 
6.5 
5.0 
7.5 
4.5 
7.0 
6.5 
4.5 
7.0 
±1.86 
5.02 
-
Rust 
5.5 
9.0 
4.5 
3.5 
4.5 
4.0 
5.0 
5.5 
6.5 
6.5 
5.0 
7.0 
7.0 
5.5 
9.0 
4.5 
3.5 
4.5 
4.0 
4.5 
5.5 
5.0 
4.5 
5.5 
6.0 
9.0 
5.5 
5.5 
6.0 
6.5 
7.5 
9.0 
4.5 
7.0 
±1.65 
4.51 
-
No . o f pods 
plant - 1 
(1998) 
23 
25 
10 
22 
24 
13 
14 
19 
31 
25 
45 
16 
21 
29 
15 
13 
31 
17 
23 
22 
21 
53 
17 
15 
13 
18 
16 
14 
10 
28 
21 
19 
29 
21 
±9.20 
24.38 
4.78 
Pod y ie ld 
(kg ha-1) 
(1998) 
866 
755 
978 
799 
770 
1060 
1234 
1375 
997 
1060 
1268 
1312 
1481 
1389 
823 
1007 
1041 
1344 
713 
1236 
833 
988 
707 
693 
1036 
815 
645 
869 
820 
1160 
925 
902 
863 
934 
±44.2 
115.1 
22.8 
Shelling 
( % ) 
(1998) 
52.8 
62.3 
67.0 
56.5 
70.5 
62.4 
58.4 
51.3 
63.9 
65.5 
72.9 
56.5 
50.6 
69.8 
60.1 
62.3 
58.0 
65.5 
66.7 
67.1 
56.5 
65.1 
55.9 
60.5 
67.3 
56.5 
68.1 
66.9 
66.4 
65.5 
66.5 
58.0 
64.0 
59.6 
±7.24 
19.54 
9.15 
1 . O b s e r v a t i o n s w e r e r e c o r d e d i n the yea r ( 1 9 9 6 ) w h e n disease i n c i d e n c e w a s h i g h . Y i e l d s w e r e v e r y l o w i n 1996 r a i n y season. 
2 . O b s e r v a t i o n s w e r e r e c o r d e d i n the yea r ( 1 9 9 8 ) w h e n disease i n c i d e n c e w a s h i g h . 
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Baga lko t distr icts o f Karnataka, the cu l t i va t ion o f g roundnut 
i s res t r i c ted to 0.23 m i l l i o n ha w i t h a p r o d u c t i o n o f 0 .14 
m i l l i o n t . A l m o s t 7 0 % o f the fa rmers i n B a g a l k o t d i s t r i c t 
( r ecen t l y c a r v e d o u t o f B i j a p u r d i s t r i c t ) con t i nue t o g r o w 
l o c a l sp read ing g r o u n d n u t va r ie t ies ( T a b l e 1), i n sp i te o f 
recommended var iet ies S 2 3 0 and Pond icher ry 8, in ra in fed 
c o n d i t i o n w i t h p r o t e c t i v e i r r i g a t i o n . Fa rmers f i n d l o c a l 
var ie t ies h igher y i e l d i n g than r e c o m m e n d e d var iet ies. A n 
extens ive su rvey was made a r o u n d B a d a m i , J a m a k h a n d i , 
M u d h o l , B i l a g i , and H u n u g u n d ta luks o f B i j a p u r d i s t r i c t 
d u r i n g 1 9 9 4 - 9 5 a n d 2 7 samples o f spreading type g r o u n d -
n u t w e r e c o l l e c t e d f r o m f a r m e r s ' f i e l d s t o evaluate t h e m 
w i t h o the r var ie t i es i n c l u d i n g c o n t r o l . 
T w e n t y - s e v e n geno types f rom fa rmers ' f i e lds , f i ve 
geno types f r o m I C R I S A T , Patancheru , I n d i a , one geno-
t y p e [ ( J H - 6 0 x A - s e l ) x N R C G 2 1 4 4 ] f rom the N a t i o n a l 
Research Cent re f o r G r o u n d n u t ( N R C G ) , Junagadh, I n d i a , 
and c o n t r o l S 2 3 0 w e r e evaluated a t the R e g i o n a l Research 
S ta t ion , B i j a p u r d u r i n g r a i n y season in 1996 a n d 1998 in a 
r a n d o m i z e d c o m p l e t e b l o c k des ign w i t h t w o r ep l i ca t ions . 
T h e p l o t size was 5.00 m x 1.35 m w i t h 45 cm i n t e r r o w and 
15 cm in t ra- row spacing. Recommended agronomic practices 
w e r e f o l l o w e d . T h e a n c i l l a r y observa t ions w e r e r eco rded 
o n f i v e p lan ts a n d p o d y i e l d was r e c o r d e d p l o t - w i s e i n 
each r e p l i c a t i o n . Disease inc idence o f late l e a f spot and 
rust was recorded on a m o d i f i e d 1-9 scale ( S u b r a h m a n y a m 
e t a l . 1995) . B u d necros is i nc idence was ca t egor i zed as 
suscept ible (S = 5 1 - 1 0 0 % ) , m o d e r a t e l y susceptible ( M S = 
4 0 - 5 0 % ) , mode ra t e ly resistant ( M R = 1 1 - 3 9 % ) , and resis-
tan t ( R = 1 -10%) , based o n the p e r f o r m a n c e o f in fec ted 
p lan t s . 
T h e p o d y i e l d ranged f r o m 645 k g ha-1 t o 1481 k g ha-1 
w i t h Hanumasaga r L o c a l p r o d u c i n g the h ighes t p o d y i e l d 
( T a b l e 1). T h e n u m b e r o f pods p l a n t - 1 r anged f rom 10 to 53 
w i t h A n a g a l L o c a l h a v i n g m a x i m u m pods . T h e s h e l l i n g 
percentage r anged f r o m 50.6 t o 72 .9 w i t h h ighes t s h e l l i n g 
r e c o r d e d b y H a n u m n a l L o c a l . Hanumasaga r L o c a l , the 
g e n o t y p e w i t h h ighes t y i e l d w a s resis tant t o b u d necros is 
( 4 . 5 % ) a n d late l e a f spot (3 .5 score) . S i m i l a r l y , I C G 8 2 1 , 
w h i c h was m o d e r a t e l y resis tant t o b u d necros is ( 1 8 . 4 % ) , 
resistant to late l e a f spot (3 .0 score) , and m o d e r a t e l y resis-
tan t t o rus t (4 .5 score) , also r e c o r d e d g o o d y i e l d ( 1 3 4 4 k g 
ha -1). B u d necros is i s a ser ious p r o b l e m in B i j a p u r (Desa i 
1998) a n d there is a need to i n t r o d u c e such resistant 
geno types in e n d e m i c areas a s t hey n o t o n l y check the 
spread o f the disease, b u t are also h i g h y i e l d i n g . M u s t i g e r e 
L o c a l was a lso h i g h y i e l d i n g ( 1 3 8 9 k g ha - 1) w i t h g o o d 
s h e l l i n g percen tage ( 6 9 . 8 % ) . I t was m o d e r a t e l y resistant 
to b o t h late l e a f spot ( 5 . 0 score) a n d rus t (5 .5 score) b u t 
suscept ib le t o b u d necros is ( 5 6 . 2 % ) . O n the o ther h a n d , 
another h i g h - y i e l d i n g geno type M a m d a p u r L o c a l 3 (1375 
k g h a 1 ) w a s m o d e r a t e l y resis tant t o late l e a f spot ( 4 . 0 
score) a n d rus t (5 .5 score) a n d m o d e r a t e l y suscept ible to 
b u d necros is ( 4 2 . 5 % ) . F r o m these resul ts , i t i s c lear tha t 
g e n o t y p e s f o r B a g a l k o t d i s t r i c t s h o u l d h a v e resistance/ 
to le rance to b u d necrosis , late l e a f spot , and rust. T h e 
r e c o m m e n d e d va r i e ty , S 2 3 0 , i s suscept ible to a l l the three 
diseases. T h i s c o u l d b e one o f the reasons w h y farmers 
d o n o t g r o w i t . 
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New Groundnut Cultivars for G u j a r a t , 
India 
P S Bharodia (Groundnut Research Station, Gujarat 
Agricultural University, Junagadh 362 001, Gujarat, India) 
Guja ra t state accounts fo r 2 5 % o f the t o t a l area s o w n t o 
g r o u n d n u t i n I n d i a . G r o u n d n u t occupies 2 0 % o f the t o t a l 
c u l t i v a t e d area i n the state. T h e G r o u n d n u t Research 
Station, Gujarat A g r i c u l t u r a l Univers i ty at Junagadh, Gujara t 
is a p i o n e e r i n g research s ta t ion in the c o u n t r y a n d has 
c o n t r i b u t e d several h i g h - y i e l d i n g g r o u n d n u t var ie t ies o f 
the state and the na t ion . H o w e v e r , the g r o u n d n u t research 
ac t iv i t i e s at the s ta t ion suffered a m a j o r setback in 1987 
w h e n peanut str ipe v i rus ( P S t V ) was detected in g r o u n d n u t 
ma t e r i a l . T h e s ta t ion was quaran t ined fo r g r o u n d n u t c r o p . 
A l l the b r e e d i n g and seed p r o d u c t i o n ac t iv i t i e s w e r e k e p t 
on h o l d . T h e v i r u s i s seedborne a n d i s t r a n s m i t t e d by the 
aph id Aphis craccivora. W i t h concerted, systematic efforts 
based o n sc ien t i f i c p r i n c i p l e s , w e w e r e able t o e l i m i n a t e 
P S t V in g roundnu t materials and the quarant ine on g r o u n d -
n u t was l i f t e d i n 1998/99 season. D u r i n g the p e r i o d o f 
q u a r a n t i n e , disease-free seeds o f i m p o r t a n t b r e e d i n g 
ma te r i a l s tested by e n z y m e - l i n k e d i m m u n o s o r b e n t assay 
( E L I S A ) w e r e genera t ion advanced a t o ther l oca t ions i n 
the state a n d se lec t ion was ca r r i ed out . In the last f i v e 
years, t w o n e w p r o m i s i n g va r i e t i e s—Guja ra t G r o u n d n u t 5 
( G G 5 ) a n d Guja ra t G r o u n d n u t 6 ( G G 6 ) — w e r e released 
a n d others are in p i p e l i n e . 
T h e v a r i e t y GG 5 was b r e d and d e v e l o p e d f rom the 
cross 27-5-1 x JL 24 . I t was released in 1996 for r a iny season 
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( k h a r i f ) c u l t i v a t i o n i n the m a i n g r o u n d n u t - g r o w i n g areas 
o f Saurashtra, Gu ja ra t . I t i s ear ly i n m a t u r i t y (101 days) . I t 
has erect g r o w t h hab i t and sequen t i a l -b ranch ing pa t te rn . 
Leaves are obova te in shape and l i gh t green in co lo r . Pods 
are gene ra l l y t w o - s e e d e d , w i t h re t i cu la t i on and w i t h o u t 
cons t r i c t ion . Seeds are m e d i u m in size ( 0 .38 -0 .42 g seed -1). 
T h e y are l i g h t rose i n c o l o r a n d con ta in 4 8 . 7 % o i l . GG 5 
g i ves 3 3 . 5 % and 2 3 . 7 % h i g h e r y i e l d than check var ie t ies 
J 11 a n d GG 2 respec t i ve l y . I t has a she l l i ng ou t - t u rn of 
7 3 . 7 % . I ts reac t i on to diseases and pests is s i m i l a r to 
check var ie t ies . 
T h e v a r i e t y GG 6 was b r e d and deve loped f rom the 
cross C G C 3 x F E S R 5-P 6B 1 -B 1 . I t was released in 1999 fo r 
s u m m e r c u l t i v a t i o n i n Gu ja ra t . I t i s ear ly i n m a t u r i t y ( 109 
days) . I t has erect g r o w t h hab i t and sequent ia l b r a n c h i n g 
pa t te rn . Leaves are o b l o n g e l l i p t i c i n shape and l i g h t 
green in co lor . Pods are general ly two-seeded, w i t h re t icu la-
t i o n and s l igh t cons t r i c t i on . Seeds are o b l o n g and m e d i u m 
in size ( 0 . 3 2 - 0 . 3 8 g seed -1). T h e y are l i gh t rose in co lo r and 
c o n t a i n 5 0 . 3 % o i l . G G 6 g i ves 2 2 . 9 % , 17 .5%, and 1 4 . 3 % 
h i g h e r y i e l d than check var ie t ies J 1 1 , GG 4 , and GG 2 
respect ive ly . I t has a she l l i ng ou t - tu rn o f 7 3 % . I ts reac t ion 
to diseases and pests is s i m i l a r to check var ie t ies . 
S N Deshmukh, N S Shrikhandkar, G N Satpute, 
H S Gahukar, A Y Thakre, R B Ulemale, and W M Dabre 
(Oilseeds Research Unit , Dr Panjabrao Deshmukh Kr ish i 
Vidyapeeth, Ako la 444 104, Maharashtra, India) 
G r o u n d n u t area in ra i ny season ( k h a r i f ) ( J u n e - O c t o b e r ) i s 
d e c l i n i n g i n the V i d a r b h a r e g i o n o f Maha rash t ra state o f 
I nd ia . T h e average area in the 1990s (average o f 1 9 9 0 - 9 8 ) 
was 71,029 ha compared to 111,600 ha in the 1980s (average 
o f 1980 -89 ) . The m a i n reasons f o r the reduc t ion in area are 
n o n - a v a i l a b i l i t y o f h i g h - y i e l d i n g g r o u n d n u t var ie t ies 
h a v i n g des i rab le t ra i ts and lack o f t rans fer o f i m p r o v e d 
techno logy o f g roundnut p roduc t ion to farmers. In response 
t o th is s i t ua t i on , var ie ta l d e v e l o p m e n t o f g r o u n d n u t w a s 
g iven top pr io r i ty in the Univers i ty ( D r Panjabrao D e s h m u k h 
K r i s h i V i d y a p e e t h ) a t A k o l a in Maharash t ra . As a resu l t , 
AK 159 was d e v e l o p e d , tested (Tab le 1), a n d re leased i n 
2 0 0 0 fo r ra iny season (khar i f ) as a h igh -y ie ld ing , m e d i u m -
durat ion var ie ty ( P K V 2000) . 
T a b l e 1 . P o d y ie ld o f g r o u n d n u t v a r i e t y A K 159 a n d check cul t ivars i n d i f ferent tr ia ls i n the V i d a r b h a region o f 
M a h a r a s h t r a , India . 
Year 
1994 
1995 
1996 
1997 
1998 
1999 
1996-99 
1998 
1999 
Tr ia l 1 
P Y T 
I E T 
M V T 
M V T 
M V T 
M V T 
M V T 
Adaptive t r ia l 
Adaptive t r ia l 
No. o f 
locations 
1 
2 
4 
5 
5 
4 
183 
2 
9 
Average pod y ie ld (t ha-1) 
A K 159 
1.13 
2.64 
2.07 
2.54 
2.51 
2.36 
2.39 
2.36 
1.63 
T A G 242 T G 262 
0.88 (27.7) 
2.26 (16.8) 
1.66 (24.8) 
1.86 (36.5) 
1.73 (45.0) 
1.61 (46.8) 
1.72 (38.5) 
-
1.06 (54.4) 
1.06 (6.6) 
2.44 (8.4) 
1.90 (9.2) 
1.94 (31.0) 
1.79 (40.4) 
1.52 (55.4) 
1.79 (33.1) 
2.00 (17.8) 
JL 242 
0.53 (112.5) 
2.13 (24.2) 
2.09 ( -0 .4) 
1.87 (36.0) 
1.85 (35.7) 
2.08 (13.3) 
1.96 (22.0) 
1 . P Y T = P r e l i m i n a r y Y i e l d T r i a l ; I E T = I n i t i a l E v a l u a t i o n T r i a l ; M V T = M u l t i p l i c a t i o n V a r i e t a l T r i a l . 
2 . C o n t r o l ; f i gu re s i n parentheses i n d i c a t e percentage increase i n y i e l d o f A K 159 o v e r c o n t r o l . 
3 . P o o l e d average o f 1 8 e n v i r o n m e n t s . F o r p o o l e d ana lys i s , S E m = ± 0 . 0 6 2 , C D a t 5 % l e v e l = 0 . 1 7 2 , and C V ( % ) = 14.0 . 
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A New Groundnut Variety for V idarbha 
Region of Maharashtra State of India 
AK 159, a Spanish b u n c h geno type , w a s de r i ved f rom a 
cross b e t w e e n J L 2 4 ( a l o c a l l y adop ted Spanish b u n c h 
v a r i e t y ) a n d a Spanish b r e e d i n g l i n e res is tant to f o l i a r 
diseases, C G C 4 0 1 8 a t A k o l a . JL 24 i s a se lect ion f r o m EC 
9 4 9 4 3 . C G C 4 0 1 8 w a s d e r i v e d b y ped ig ree se lec t ion f r o m 
1 4 - 4 - B - 1 9 - B x N c A c 1 7 0 9 0 . A K 159 w a s d e v e l o p e d 
f o l l o w i n g ped ig ree m e t h o d o f se lec t ion . 
D i s t i n g u i s h i n g m o r p h o l o g i c a l characters o f A K 159 
are n o r m a l p l a n t t ype ( 3 0 - 4 0 c m h e i g h t ) ; da rk green a n d 
b r o a d lea f le t ; a n d m e d i u m t o s m a l l pods w i t h s l i gh t beak , 
s l i g h t c o n s t r i c t i o n , a n d less r e t i c u l a t i o n . T h e seeds are 
w h i t i s h rose i n co lo r . 
A K 159 ma tu res i n 1 0 0 - 1 0 5 days a n d has modera te 
she l l ing (68 .3%) , moderate seed size (100-seed mass 32.5 g ) , 
h i g h s o u n d m a t u r e seeds ( 9 2 . 8 % ) , a n d average o i l con ten t 
(47.9%). 
A K 159 w a s i n c l u d e d i n rep l i ca ted y i e l d t r ia ls i n the 
areas unde r the j u r i s d i c t i o n o f D r Pan jabrao D e s h m u k h 
K r i s h i V i d y a p e e t h f rom 1994 to 1999. On average ove r 18 
env i r onmen ts , i t y i e l d e d 2 .39 t h a - 1 w h i c h was 3 8 . 5 % m o r e 
t han tha t o f T A G 2 4 , 3 3 . 1 % m o r e than that o f T G 2 6 , and 
2 2 . 0 % m o r e t han tha t o f J L 2 4 . I n adap t i ve t r ia ls a lso, A K 
159 m a i n t a i n e d its p o d y i e l d supe r i o r i t y (Tab le 1). 
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Ti rupat i 4: A High-yielding Groundnut 
Variety for Andhra Pradesh, India 
J Ramachandra Reddy, N Rajagopal, R P Vasanthi, 
L Prasanthi, and C Ramana Reddy (Regional Agr i cu l -
tural Research Station, Acharya N G Ranga Agr icul tura l 
Universi ty, Tirupat i 517 502, Andhra Pradesh, India) 
G r o u n d n u t i s an i m p o r t a n t ed ib le o i l seed c r o p i n A n d h r a 
Pradesh, I n d i a . I t i s c u l t i v a t e d o n abou t 2.2 m i l l i o n h a o f 
w h i c h 7 0 % i s i n the ra i ny season. T C G S 3 0 , a de r i va t i ve o f 
JL 24 x Ah 316/s was deve loped by mass ped igree m e t h o d 
a t the G r o u n d n u t B r e e d i n g U n i t , R e g i o n a l A g r i c u l t u r a l 
Research Stat ion, T i rupa t i , A n d h r a Pradesh. I t was re leased 
as T i rupa t i 4 by the A n d h r a Pradesh A g r i cu l t u ra l Un i ve rs i t y 
( n o w A c h a r y a N G Ranga A g r i c u l t u r a l U n i v e r s i t y ) in 1995 
f o r c u l t i v a t i o n i n A n d h r a Pradesh. 
T i r u p a t i 4 is a Spanish b u n c h va r i e t y . I t matu res in 105 
days af ter s o w i n g ( D A S ) i n r a i n y season and i n 1 0 5 - 1 1 0 
D A S i n pos t ra iny season on par w i t h JL 2 4 . I ts leaves are 
g reen and pods are m e d i u m b o l d w i t h p r o m i n e n t r e t i cu la -
t i o n , s l i gh t beak , and modera te c o n s t r i c t i o n . T h e seed i s 
rose in co lo r . 
T i r u p a t i 4 was eva lua ted in three r a i n y seasons ( 1 9 9 0 , 
1 9 9 1 , and 1992) and three pos t ra iny seasons ( 1 9 9 1 / 9 2 , 
1992 /93 , and 1993 /94) a t T i r u p a t i . P o d y i e l d o f T i r u p a t i 4 
w a s 1 9 % m o r e i n the ra iny season and 1 6 % m o r e i n the 
pos t ra iny season than JL 24 (Tab le 1). Seed y i e l d was 2 0 % 
m o r e i n the r a i n y season and 2 4 % m o r e i n the pos t ra i ny 
season than JL 24. T i rupat i 4 was earl ier tested at 10 locat ions 
T a b l e 1 . P e r f o r m a n c e of T i r u p a t i 4 in ra iny and postrainy seasons a t T i r u p a t i , A n d h r a Pradesh, I n d i a . 
Character 
Pod y ie ld ( kg ha-1) 
SE 
C V (%) 
CD (0.05) 
Seed y ie ld (kg ha-') 
100 -podmass (g ) 
100-seed mass (g) 
Var iety 
T i rupat i 4 
JL 24 
T i rupat i 4 
JL 24 
Ti rupat i 4 
JL 24 
Ti rupat i 4 
JL 24 
Rainy season (khar i f ) 
1990 
1786 
1425 
±82 
9 
168 
1138 
948 
84 
81 
37 
34 
1991 
1595 
1305 
±117 
13 
239 
1212 
953 
106 
94 
48 
47 
1992 
1628 
1472 
±94 
15 
195 
1164 
1023 
95 
95 
43 
44 
Average 
1670 
1401 
1171 
975 
95 
90 
43 
42 
Postrainy season (rabi) 
1991/92 
3326 
2489 
±272 
15 
563 
1516 
1062 
90 
91 
39 
39 
1992/93 
1782 
1260 
±424 
18 
-
1158 
756 
70 
70 
37 
40 
1993/94 
5505 
5381 
±212 
18 
428 
4301 
3777 
108 
93 
56 
56 
Average 
3538 
3043 
2325 
1865 
89 
85 
44 
45 
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u n d e r t h e A l l I n d i a C o o r d i n a t e d Research P r o j e c t o n 
O i l seeds ( A I C O R P O ) i n 1988 /89 p o s t r a i n y season; i t 
p r o d u c e d 1 6 % m o r e p o d y i e l d ( 2 4 9 0 k g h a 1 ) t han J L 2 4 
( 2 1 4 8 kg ha - 1) and 1 9 % m o r e seed y i e l d (1709 kg ha -1) than 
JL 24 (1434 kg ha -1). 
Registration of Groundnut Cult ivar 
Venus ( I C G V 87853) 
L J Reddy1, S N Nigam1 , P Subrahmanyam2 , 
F M Ismael3, N Govinden3 , and P J A van der Merwe2 
( 1 . International Crops Research Institute for the Semi-
A r i d Tropics ( ICRISAT) , Patancheru 502 324, Andhra 
Pradesh, India; 2. ICRISAT, PO Box 1096, L i longwe, 
Ma law i ; 3. Mauri t ius Sugar Industry Research Institute, 
Reduit, Mauri t ius) 
Purpose of description 
T h e M a u r i t i u s Sugar I ndus t r y Research Ins t i tu te r e c o m -
m e n d e d and re leased the g r o u n d n u t (Arachis hypogaea) 
c u l t i v a r I C G V 87853 as ' V e n u s ' f o r c u l t i v a t i o n i n 1998 
( M S 1 R I 1998) . V e n u s has s i g n i f i c a n t l y o u t y i e l d e d the 
p o p u l a r c u l t i v a r C a b r i b y 4 8 % and was m o r e stable i n 
y i e l d than C a b r i . T h e seeds o f V e n u s are la rger than those 
o f Cabr i and are accepted f o r b o i l e d nuts. Venus is resistant 
to rus t ( P u c c i n i a arachidis) and is r e c o m m e n d e d f o r 
c u l t i v a t i o n bo th as a pu re c r o p and as i n te rc rop w i t h 
sugarcane in M a u r i t i u s . 
Orig in and development 
I C G V 87853 was deve loped f r o m a cross between K a d i r i 3 
( I C G 7 9 9 ) and a stable in te rspec i f i c de r i va t i ve , C S - 9 . 
K a d i r i 3 is a released V i rg in ia cu l t i va r g r o w n in Ind ia . C S - 9 
is a de r i va t i ve of a cross be tween PI 2 6 1 9 4 2 a n d Arachis 
cardenasii w i t h m u l t i p l e disease and insect res is tance 
and is registered as I C G V 87165 ( M o s s e t a l . 1997) . I C G V 
87853 was deve loped b y b u l k m e t h o d o f se lec t ion . 
Performance 
In the f o u r f o l i a r diseases resistance t r ia ls c o n d u c t e d a t 
I C R I S A T , Patancheru , I n d i a d u r i n g r a i n y season i n 1990 
and 1 9 9 1 , I C G V 87853 w i t h a mean p o d y i e l d o f 1.58 t h a - 1 
o u t y i e l d e d the i m p r o v e d V i rg i n i a c u l t i v a r I C G S 7 6 b y 
4 3 . 7 % and K a d i r i 3 by 6 4 . 6 % (Tab le 1). I n another set o f 
f ou r d rough t to lerance t r ia ls conduc ted a t I C R I S A T d u r i n g 
1 9 9 0 - 9 2 ra i ny and pos t ra iny seasons, I C G V 87853 w i t h a 
m e a n p o d y i e l d o f 1.83 t ha - 1 o u t y i e l d e d the p o p u l a r 
Spanish cu l t i vars , T M V 2 by 2 2 . 8 % and I C G S 11 by 6 . 4 % . 
In M a u r i t i u s , i t has s h o w n a mean p o d y i e l d supe r io r i t y o f 
4 7 % across 26 tr ia ls conducted a t d i f fe rent locat ions d u r i n g 
1994-97 (Gov inden and Ismael 1997) (Tab le 2) . Venus w i t h 
Y = 1 . 0 8 x +0.16 (r2 = - 0 . 9 0 ) c o m p a r e d t o Y = 0.87 x - 0 . 3 8 (r2 
= 0.86) o f Cabr i was m o r e stable and pred ic tab le in its p o d 
y i e l d pe r f o rmance i n M a u r i t i u s ( I smae l and G o v i n d e n 
1998). 
Plant characters 
I C G V 87853 be longs to the V i rg in ia bunch botan ica l g r o u p 
{Arachis hypogaea subsp hypogaea va r hypogaea). It 
has decumben t -3 g r o w t h hab i t ; a l ternate f l o w e r i n g ; and 
m e d i u m - s i z e d , o v a l , da rk g reen leaves. I t has an average 
o f s ix p r i m a r y and f o u r secondary branches. I ts p l an t 
he igh t i s about 32 c m . T h e f l o w e r i s y e l l o w w i t h o range 
crescent and red m a r k i n g s on the s tandard pe ta l . I C G V 
87853 matures in about 120 to 125 days d u r i n g the r a i n y 
season and 1 3 5 - 1 4 0 days d u r i n g the pos t ra iny season a t 
T a b l e 1 . Pod yie ld o f g r o u n d n u t cu l t i var I C G V 87853 (Venus ) a n d contro l cul t ivars a t I C R I S A T , P a t a n c h e r u , I n d i a 
d u r i n g r a i n y seaon i n 1990 a n d 1 9 9 1 . 
Cult ivar 
I C G V 87853 
ICGS 76 (control) 
Kad i r i 3 (control) 
SE 
C V (%) 
Pod y ie ld (t ha-1) 
1990 (H I ) 1 
1.55 
1.11 
0.81 
±0.100 
1990 (L I ) 2 
1.02 
0.65 
0.56 
±0.174 
23 
1991 (H I ) 
2.11 
1.60 
1.48 
±0.068 
15 
1991 (L I ) 
1.65 
1.05 
0.98 
±0.162 
17 
Mean 
1.58 
1.10 
0 . % 
1 . H I = H i g h i n p u t ( 6 0 k g P 2 O 5 ha - 1 ; 4 0 0 k g g y p s u m ha - 1 ) , s u p p l e m e n t a l i r r i g a t i o n , f u l l p r o t e c t i o n f r o m insec ts , and n o p r o t e c t i o n f r o m 
diseases. 
2 . L I - L o w i n p u t ( 2 0 k g P 2 O 5 ha - 1 ) . r a i n f e d , a n d n o p r o t e c t i o n f r o m insects and diseases. 
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I C R I S A T , Patancheru . I n M a u r i t i u s i t t o o k about 1 4 0 - 1 5 0 
days t o m a t u r e . 
Pod and seed characters 
I C G V 87853 usua l l y has 2-seeded pods , w h i c h are charac-
t e r i z e d by a s m a l l beak , s l i gh t c o n s t r i c t i o n , a n d mode ra te 
r e t i c u l a t i o n . T h e average p o d l e n g t h i s 3 4 m m , a n d p o d 
w i d t h i s 1 0 m m . I ts s h e l l i n g t u r n o v e r o n average i s 6 8 % . 
I ts 100-seed mass ranges f r o m 32 g to 52 g d e p e n d i n g on 
the season a n d l o c a t i o n . T h e seeds o f I C G V 8 7 8 5 3 arc tan 
a n d a h i g h e r p r o p o r t i o n o f t h e m ( 5 7 . 5 % ) f a l l unde r the 
V i r g i n i a m e d i u m g rade a n d a sma l l e r p r o p o r t i o n u n d e r 
Spanish no .1 a n d sp l i t g rades. 
R e a c t i o n t o d i s e a s e s a n d p e s t s 
I n f o u r t r i a l s c o n d u c t e d a t I C R I S A T , Pa tanche ru , I C G V 
87853 w a s resistant t o rus t ( T a b l e 3 ) w i t h a m e a n score o f 
3.2 c o m p a r e d to a m e a n score o f 7.8 f o r I C G S 76 a n d 
8.5 score f o r K a d i r i 3 on a 1-9 disease r a t i n g scale 
( S u b r a h m a n y a m e t a l . 1995) . I C G V 87853 was modera te l y 
to lerant to late lea f spot compared to the susceptible cu l t i va r 
K a d i r i 3 (Tab le 3 ) . 
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T a b l e 2 . P o d y ie ld a t 8 % mois tu re content o f g r o u n d n u t c u l t i v a r I C G V 8 7 8 5 3 ( V e n u s ) a n d C a b r i i n va r ious t r ia ls 
conducted in M a u r i t i u s f r o m 1994 to 1997 . 
Year Season 
1994 Second season 
1995 First season 
1995 Second season 
1996 First season 
1996 Second season 
1997 First season 
Overal l mean (26 trials) 
First season mean (14 tr ials) 
Second season mean (12 tr ials) 
L S D (0.05) First season 
L S D (0.05) Second season 
No . o f tr ials 
1 
2 
5 
4 
6 
8 
Mean pod y ie ld (t ha-1) 
I C G V 878531 
3.16 
1.30 
4.16 
2.08 
4.96 
4.81 
3.97 
3.53 
4.48 
0.52 
0.66 
Cabri 
1.16 
0.89 
2.19 
1.87 
3.12 
4.29 
2.70 
2.81 
2.57 
1 . M e a n p o d y i e l d s u p e r i o r i t y o f I C G V 878S3 o v e r C a b r i i n 2 6 t r i a l s i s 4 7 % . 
T a b l e 3 . Reac t ion o f I C G V 8 7 8 5 3 a n d cont ro l g r o u n d n u t cu l t ivars t o fo l ia r diseases a t I C R I S A T , P a t a n c h e r u , I n d i a 
d u r i n g r a i n y season i n 1 9 9 0 a n d 1 9 9 1 . 
Cul t ivar 
I C G V 87853 
ICGS 76 (control) 
Kad i r i 3 (contro l ) 
SE 
C V (%) 
Late leaf spot1 
1990 
(H I ) 2 
7 
8 
9 
±0.3 
7 
1990 
(L I ) 3 
6 
9 
9 
±0.4 
8 
1991 
(H I ) 
6 
7 
9 
±0.6 
11 
1991 
(L I ) 
7 
8 
9 
±0.5 
10 
Rust1 
1990 
(H I ) 
3 
8 
9 
±0.2 
6 
1990 
(L I ) 
3 
7 
8 
±0.3 
9 
1991 
(H I ) 
4 
8 
8 
±0.4 
5 
1991 
(L I ) 
3 
8 
9 
±0.3 
11 
1 . S c o r e d on a 1 -9 sca le , w h e r e 1 = no d isease, a n d 9 = 8 1 - 1 0 0 % f o l i a g e d a m a g e d . 
2 . H I = H i g h i npu t ( 6 0 k g P 2 O 5 ha - 1 ; 4 0 0 k g g y p s u m ha - 1) , supp lementa l i r r i ga t i on , f u l l p ro tec t i on f r o m insects, and n o p ro tec t i on f r o m diseases. 
3 . L I = L o w i n p u t ( 2 0 k g P 2 O 5 ha - 1 ) , r a i n f e d , and n o p r o t e c t i o n f r o m insects a n d diseases. 
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Huayu 16: A New High-yielding, 
Improved Quali ty Groundnut Cult ivar 
with Wide Adaptabil i ty for Nor thern 
China 
Li Zhengchao and Qiu Qingshu (Shandong Peanut 
Research Institute, La ix i 266601, Shandong, China) 
C h i n a i s one o f the m a j o r g r o u n d n u t (Arach i s hypogaedy 
p r o d u c i n g count r ies i n the w o r l d . I t ranks second i n area 
and f i r s t i n p r o d u c t i o n o f g r o u n d n u t i n the w o r l d . T h e 
average y i e l d o f g r o u n d n u t i n C h i n a increased b y 1 8 8 . 5 % 
i n 1998 c o m p a r e d w i t h 1949. Se lec t ion a n d ex tens ion o f 
n e w g r o u n d n u t cu l t i va rs has p l a y e d an i m p o r t a n t r o l e i n 
inc reas ing the p r o d u c t i v i t y o f g r o u n d n u t i n the c o u n t r y 
( Q i u Q i n g s h u e t a l . 1996) . B u t mos t o f the cu r ren t h i g h -
y i e l d i n g cu l t i va rs i n no r t he rn C h i n a , such as L u h u a 14, 
L u h u a 1 1 , and J i you 4 , have resistance o n l y to the abno rma l 
c l i m a t i c c o n d i t i o n s ( d r o u g h t o r w a t e r l o g g i n g ) , and t he i r 
q u a l i t y character is t ics are no t sa t is fac tory . I t i s essent ia l 
t o d e v e l o p n e w h i g h - y i e l d i n g cu l t i va rs w i t h i m p r o v e d 
comprehens i ve character is t ics . 
T a b l e 1. Average pod yield and seed yield of groundnut cul t ivar H u a y u 16 in provincial tr ials and demonstrat ion tests in 
Shandong and Hebe i provinces, Ch ina . 
Cult ivar 
A. Provincial trials1 
Shandong 
Huayu 16 
Luhua 11 (control) 
Hebei 
Huayu 16 
Jiyou 8 (control) 
B. Demonstration plots4 
Shandong 
Huayu 16 
Luhua 11 (control) 
Hebei 
Huayu 16 
J iyou 8 (control) 
Pod y ie ld 
(t ha-1) 
3.97 
3.56 
4.13 
3.71 
4.83 
4.37 
3.77 
3.60 
Pod y ie ld 
increase 
over control 
( % ) 
11.362 
11.382 
10.742 
7.48 
Seed y ie ld 
(t ha-1) 
2.92 
2.56 
3.12 
2.68 
3.54 
3.13 
2.88 
2.57 
Seed y ie ld 
increase 
over control 
( % ) 
14.153 
16.5P 
13.213 
12.092 
1 . M e a n o f 1 9 s i tes i n S h a n d o n g i n 1996 /97 and 6 s i tes i n H e b e i i n 1 9 9 7 / 9 8 . 
2 . S i g n i f i c a n t . 
3 . H i g h l y s i g n i f i c a n t . 
4 . M e a n o f 6 s i tes i n S h a n d o n g a n d 3 s i tes i n H e b e i i n 1998 . 
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H u a y u 16, a large-seeded g r o u n d n u t c u l t i v a r , was 
d e v e l o p e d i n 1998 b y the S h a n d o n g Peanut Research 
Inst i tute i n Ch ina , and released in 1999 by the C r o p C u l t i v a r 
A p p r o v a l C o m m i t t e e s o f S h a n d o n g a n d H e b e i p r o v i n c e s . 
I t was d e r i v e d f r o m the cross o f 8223 w i t h L u h u a 1 0 u s i n g 
the m o d i f i e d pedigree m e t h o d . I t be longs to Spanish g r o u p 
( A . h y p o g a e a s u b s p fastigiata v a r vulgaris). 
A v e r a g e p o d y i e l d a n d seed y i e l d o f H u a y u 1 6 a n d the 
c o n t r o l c u l t i v a r s i n p r o v i n c i a l t r i a l s a n d d e m o n s t r a t i o n 
tests i n S h a n d o n g a n d H e b e i p r o v i n c e s are presented i n 
T a b l e 1 . I n a l l t r i a l s a n d tests i n the t w o p r o v i n c e s w i t h 1 5 
n e w g r o u n d n u t cu l t i va r s , H u a y u 1 6 a lways r a n k e d f i rs t . I n 
A n h u i p r o v i n c i a l d e m o n s t r a t i o n tests i n 1998, i ts average 
p o d y i e l d w a s 4 . 6 9 t ha -1 , 1 4 . 3 % m o r e than the c o n t r o l 
L u h u a 9 . I n L a i x i , Shandong p rov ince , i n a y i e l d m a x i m i z a -
t i o n t r i a l on 0.4 ha in 1999, i t p roduced 9.54 tha-1 p o d y i e l d . 
H u a y u 16 matures i n 130 days i n s p r i n g c r o p season. I t 
has an erect g r o w t h hab i t , sequent ia l f l o w e r i n g , a n d da rk 
g reen leaves. T h e h e i g h t o f the m a i n s tem i s 4 0 c m . T h e 
p l a n t has 5 - 6 p r i m a r y a n d 2 - 3 secondary branches. Pods 
are m o s t l y two-seeded a n d c lus te red a r o u n d the m a i n tap-
r o o t i n t h e s o i l . T h e p o d beak i s shor t a n d the p o d r e t i c u -
l a t i o n i s t h i c k a n d s h a l l o w . T h e 100-pod mass i s 2 1 0 g a n d 
the 100-seed mass i s 100 g w i t h a s h e l l i n g percentage of 
75 . Seed o f H u a y u 16 i s rose i n c o l o r and conta ins 5 2 . 8 9 % 
o i l and 2 9 . 6 6 % p ro t e in , 1.80% and 3 . 8 1 % m o r e than that o f 
L u h u a 1 1 , r e spec t ive ly . T h e o l e i c a c i d / l i n o l e i c a c i d ( O / L ) 
ra t io is 1.7. In se lenium, v i t a m i n C, and v i t a m i n B 1 contents, 
H u a y u 1 6 r a n k e d f i r s t a m o n g 1 0 advanced l ines tested i n 
1999. T h e seed con ta ins 0 .086 m g k g - 1 s e l en ium, 7.38 m g 
100g - 1 v i t a m i n C, and 14.84 mg kg - 1 v i t a m i n B 1 , the contents 
be ing 0 .004 -0 .014 m g k g - 1 , 0 . 0 2 - 4 . 9 6 m g 1 0 0 g - 1 , and 1.94-
6.88 mg kg - 1 m o r e t h a n o ther l ines , r e spec t ive ly . 
H u a y u 1 6 i s r e s i s t an t t o r o o t r o t ( caused b y 
Macrophomina phaseolina) a n d to l e ran t to peanut s t r ipe 
v i r u s ( T a b l e 2 ) . T h e c u l t i v a r i s resistant t o d r o u g h t a n d 
T a b l e 2 . R e a c t i o n o f g r o u n d n u t c u l t i v a r H u a y u 1 6 t o 
p r o d u c t i o n constraints in C h i n a , 1999. 
Score1 
Cul t ivar Root rot 
Huayu 16 1 
Luhua 11 (control) 4 
Luhua 14 (control) 4 
Jiyou 4 (control) 5 
PStV2 Drought Waterlogging 
3 2 
8 2 
3 2 
9 7 
1 
9 
8 
1 . S c o r e d o n a m o d i f i e d 1-9 s c a l e , w h e r e 1 = h i g h l y r e s i s t an t , 
2 - 3 = res i s tan t , 4 - 5 = m o d e r a t e l y res is tan t , 6 - 7 = su scep t ib l e , 
a n d 8 - 9 = h i g h l y suscep t ib l e . 
2 . Peanu t s t r i pe v i r u s disease. 
32 I A N 20, 2000 
w a t e r l o g g i n g , a n d has w i d e a d a p t a b i l i t y f o r n o r t h e r n 
C h i n a . H u a y u 1 6 i s one o f the g r o u n d n u t c u l t i v a r s tha t 
has the best c o m p r e h e n s i v e character is t ics in C h i n a . 
H u a y u 16 i s suitable for sowing in m e d i u m or h i g h f e r t i l i t y 
sandy l o a m s o i l . W h e n the m e a n d a i l y s o i l t empera tu re a t 
5 - c m dep th in s p r i n g i s 15°C f o r m o r e than 5 days , i t i s an 
o p t i m u m s o w i n g t i m e f o r H u a y u 16. Po ly thene m u l c h i n g 
can he lp t o achieve i ts h i g h y i e l d po ten t i a l ( H u W e n g u a n g 
e t a l . 1995) . T h e o p t i m u m p lan t densi t ies o f H u a y u 16 are 
150 ,000 h i l l s ha -1 w i t h t w o seeds per h i l l f o r s p r i n g a n d 
165,000 h i l l s ha - 1 f o r s u m m e r c r o p seasons. 
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A New High-yielding L o w O i l Content 
Groundnut Variety 
Yu Shanlin, Cao Yuliang, Gu Shuyuan, and M i n Ping 
(Shandong Peanut Research Institute, L a i x i 266601, 
Shandong, China) 
A n e w h i g h - y i e l d i n g g r o u n d n u t v a r i e t y , H u a y u 17, w i t h 
l o w o i l content , has been d e v e l o p e d b y the S h a n d o n g 
Peanut Research Ins t i tu t e , C h i n a . H u a y u 17 was d e r i v e d 
from the cross L u h u a 9 x 7 9 2 6 6 u s i n g m o d i f i e d ped ig ree 
m e t h o d , a n d was released i n 1999 b y the S h a n d o n g P ro -
v i n c i a l Crops A p p r o v a l C o m m i t t e e . 
Yie ld performance 
I n the n e w g r o u n d n u t l ines tests o f the S h a n d o n g Peanut 
Research Ins t i t u t e f rom 1993 to 1995, H u a y u 17 
o u t y i e l d e d the c h e c k L u h u a 9 b y 2 1 . 7 % ( T a b l e 1) . I n 
S h a n d o n g P r o v i n c i a l N e w G r o u n d n u t V a r i e t y T r i a l 
( S P N G V T ) f rom 1996 to 1997, H u a y u 17 p r o d u c e d 12 .5% 
m o r e p o d y i e l d than the h i g h - y i e l d i n g c o n t r o l L u h u a 1 1 . 
In the u n i f o r m test c o n d u c t e d d u r i n g 1 9 9 8 - 9 9 a t 14 sites 
o f 6 p rov inces in no r the rn Ch ina , H u a y u 17 o u t y i e l d e d the 
c o n t r o l c u l t i v a r L u h u a 9 by 14.3%. U n d e r excel lent c o n d i -
t i o n s w i t h g o o d c u l t u r a l pract ices and managemen t o f 
diseases, insect pests, a n d weeds , H u a y u 17 created a 
n e w record o f h i g h y i e l d i n 1998 o f 605 .29 k g pods o n 0.07 
ha a m o n g ea r ly m a t u r i t y g r o u n d n u t var ie t ies a t L a i z h o u 
A g r i c u l t u r a l E x t e n s i o n S ta t ion , Shandong P rov ince . 
M a i n characteristics 
H u a y u 17 i s a V i r g i n i a b u n c h g r o u n d n u t v a r i e t y w i t h 
j u m b o p o d and l o w o i l content . I t matures 3 - 5 days earl ier 
than L u h u a 9 (Table 2) and 10-12 days earlier than L uhua 11. 
U n d e r na tu ra l c o n d i t i o n s , H u a y u 17 s h o w e d h i g h resis-
tance to late l e a f spot ( s co r ing 2 - 3 on a 1-9 scale, w h e r e 1 
= no diesease, and 9 = 8 1 - 1 0 0 % seve r i ty ) a n d modera t e 
resistance to peanut s t r ipe v i r u s . 
Adaptation 
H u a y u 17 has been r e c o m m e n d e d f o r b o t h s p r i n g and 
s u m m e r p lan t ings i n n o r t h e r n C h i n a . I n o rde r t o o b t a i n 
h i g h y i e l d , g r o w e r s s h o u l d choose g o o d na tu ra l c o n d i -
t ions w i t h plas t ic m u l c h i n g techniques . T h e p l an t dens i ty 
s h o u l d be m a i n t a i n e d at 150,000 to 180 ,000 holes w i t h 2 
seeds per ho le . 
Groundnut Variety CG 7: A Boost to 
M a l a w i a n Agriculture 
P Subrahmanyam1 , P J A van der Merwe 1 , 
A J Chiyembekeza1, S Ngulube1, and H A Freeman2 
( 1 . International Crops Research Institute for the Semi-
A r i d Tropics ( ICRISAT) , PO Box 1096, Li longwe, 
Ma lawi ; 2. ICRISAT, PO Box 39063, Nai robi , Kenya) 
G r o u n d n u t i s an i m p o r t a n t l egume c rop i n s m a l l h o l d e r 
agr icul ture i n M a l a w i , p r o v i d i n g app rox ima te ly 2 5 % o f the 
a g r i c u l t u r a l i n c o m e . I t i s a n i m p o r t a n t source o f cash f o r 
sma l lho lde r farmers, especia l ly w o m e n . G r o u n d n u t i s also 
important in the diet, be ing the major source of vegetable 
p r o t e i n and ed ib le fat in r u r a l M a l a w i . I t i s also a va luab le 
c o m p o n e n t i n c r o p r o t a t i o n and i m p r o v e s s o i l f e r t i l i t y . 
C u r r e n t l y , farmers i n M a l a w i g r o w m a i n l y s ix g r o u n d n u t 
var ie t i es—Chal imbana , Chi tembana , M a w a n g a , M a l i m b a , 
M a n i Pintar, a n d C G 7 . C h a l i m b a n a i s m o s t w i d e l y g r o w n , 
o c c u p y i n g abou t 8 2 % o f n a t i o n a l g r o u n d n u t area. 
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T a b l e 2 . M a i n characterist ics o f g r o u n d n u t v a r i e t y 
H u a y u 1 7 1 . 
Characteristics 
Growth habit 
Days to maturity 
Length of main axis (n) (cm) 
N o . o f n+1 branches (>5cm) 
Length of n+1 branches (cm) 
Leaf color 
No . of mature pods plant -1 
100-seed mass (g) 
100-pod mass (g) 
Shelling (%) 
Seed color 
O i l content (%) 
O / L ratio2 
Huayu 17 
Erect 
127 
49.5 
7.1 
54.8 
Light green 
8.5 
85.4 
216.1 
69.4 
Tan 
44.6 
1.62 
Luhua 9 
(control) 
Erect 
132 
44.5 
9.2 
54.6 
Dark green 
7.6 
77.7 
189 
72.3 
Pink 
51.2 
1.39 
1 . M e a n o f da ta f r o m u n i f o r m test i n n o r t h e r n C h i n a , 1998 . 
2 . O / L = o l e i c a c i d / l i n o l c i c a c i d . 
T a b l e 1 . Y i e l d performances o f groundnut var ie ty H u a y u 17 in various tests in C h i n a . 
Test 
New lines tests 
S P N G V T 1 
Large block y ie ld test 
High-y ie ld ing potential 
Un i fo rm test in Northern China 
N o . o f Average pod 
Year sites y i e ld (kg ha-1) 
1993-95 3 5265 
1996-97 14 3962 
1998 14 4947 
1998 1 9079 
1998-99 9 3554 
Pod y ie ld increase 
over control (%) 
21.7 
12.5 
13.3 
14.3 
1 . S h a n d o n g P r o v i n c i a l N e w G r o u n d n u t V a r i e t y T r i a l . 
Development and release of CG 7 
C G 7 , a lso k n o w n a s I C G M S 4 2 o r I C G V - S M 8 3 7 0 8 , i s a 
h i g h - y i e l d i n g V i r g i n i a b u n c h v a r i e t y , j o i n t l y d e v e l o p e d 
b y the D e p a r t m e n t o f A g r i c u l t u r a l Research and T e c h n i c a l 
Serv ices ( D A R T S ) a n d I C R I S A T . I t was released f o r p r o -
d u c t i o n i n 1990, r e c o m m e n d e d f o r a l l g r o u n d n u t - g r o w i n g 
areas i n M a l a w i . I t i s su i table f o r b o t h c o n f e c t i o n e r y use 
a n d o i l e x t r a c t i o n , a n d i s m o r e to l e ran t o f d r o u g h t a n d 
m u c h easier t o harves t t h a n C h a l i m b a n a . Po ten t i a l seed 
y i e l d can exceed 2 tha - 1 . 
CG 7 adoption trends in Malawi 
A n a l y s i s o f CG 7 adopt ion trends i s based on data ob ta ined 
f rom the Famine Ea r ly W a r n i n g System ( F E W S ) , L i l o n g w e , 
M a l a w i . The data were o r ig ina l ly collected by the Department 
o f E x t e n s i o n unde r the M i n i s t r y o f A g r i c u l t u r e and I r r i g a -
t i o n D e v e l o p m e n t f rom dif ferent Extens ion P l ann ing Areas 
( E P A s ) i n M a l a w i . T h e da ta w e r e t h e n aggregated b y the 
R u r a l D e v e l o p m e n t Pro jec t ( R D P ) and f i n a l l y aggregated 
b y the A g r i c u l t u r a l D e v e l o p m e n t D i v i s i o n ( A D D ) . I n f o r -
m a t i o n w a s a v a i l a b l e o n area a n d p r o d u c t i o n o f d i f f e ren t 
g roundnu t varieties fo r four consecutive seasons from 1996/ 
97 t o 1999 /2000 . T h e a d o p t i o n rate o f a pa r t i cu l a r v a r i e t y 
was c o m p u t e d as a percentage, i.e., area under that va r i e ty 
as a p r o p o r t i o n of t o t a l g r o u n d n u t area d u r i n g that season. 
A d o p t i o n t rends o f CG 7 o v e r the past f o u r seasons are 
presented i n F i g u r e 1 . A d o p t i o n has increased i n r o u g h l y 
g e o m e t r i c p rog re s s ion t o the cu r r en t l e v e l o f 10 .15%. 
These t rends suggest tha t CG 7 area in the nex t season is 
l i k e l y t o be a l m o s t d o u b l e the cu r ren t area. 
Yield and economic contribution of different 
groundnut varieties 
T a b l e 1 shows the p r o d u c t i o n , a d o p t i o n , a n d e c o n o m i c 
c o n t r i b u t i o n o f d i f f e ren t g r o u n d n u t var ie t ies . C h a l i m b a n a 
h a d the h ighes t a d o p t i o n ( 8 2 % ) , f o l l o w e d b y C G 7 ( 1 0 % ) . 
The monetary value o f this product ion was U S $ 34.52 m i l l i o n 
f o r C h a l i m b a n a and U S $ 6.42 m i l l i o n f o r C G 7 . H o w e v e r , 
C G 7 i s h i g h e r y i e l d i n g , w i t h p o d y i e l d advan tage o f 3 3 7 
k g h a - 1 a n d seed y i e l d advantage o f 2 3 6 k g h a - 1 o v e r 
Chalimbana, M a n i Pintar, M a l i m b a , and Mawanga . A t current 
pr ices and exchange rate, the y i e l d advantage o f 2 3 6 k g 
ha*1 i s w o r t h M K 8 2 4 6 ( = U S $ 118) per hectare . T h u s , f o r 
eve ry hectare o f l o c a l var ie t ies rep laced b y C G 7 , n a t i o n a l 
a g r i c u l t u r a l i n c o m e w o u l d increase b y U S $ 118 . I f even 
h a l f the area c u r r e n t l y unde r l o c a l var ie t ies i s r ep laced by 
C G 7 , the n a t i o n a l a g r i c u l t u r a l i n c o m e w o u l d increase b y 
U S $ 17 m i l l i o n per year . These ca l cu la t ions are based on 
the cu r ren t p r i c e o f M K 3 5 k g - 1 and a n exchange rate o f 
U S $ 1 = M K 70. 
Fu r the r analys is was conduc t ed , c o m p a r i n g the y i e l d 
a n d e c o n o m i c c o n t r i b u t i o n o f C G 7 a n d C h a l i m b a n a a t 
d i f f e ren t a d o p t i o n rates, a s suming cu r ren t y i e l d levels f o r 
the t w o var ie t ies ( T a b l e 2 ) . T h e resul ts c l e a r l y s h o w the 
substant ia l e c o n o m i c benef i t t o be d e r i v e d f rom r e p l a c i n g 
C h a l i m b a n a w i t h h i g h e r - y i e l d i n g var ie t ies such a s C G 7 . 
F igure 1 . A d o p t i o n trends of g r o u n d n u t va r ie ty CG 7 in 
M a l a w i , 1996/97 to 1999/2000. 
T a b l e 1 . Product ion levels a n d value o f output o f dif ferent groundnut varieties in M a l a w i , 2000 . 
Varie ty 
Chalimbana 
C G 7 
M a l i m b a 
M a n i Pintar 
Mawanga 
JL 24 
Tota l (national) 
Area 
(ha) 
144,731 
17,869 
10,711 
1,889 
897 
3 
176,100 
A d o p t i o n 
( % ) 
82 
10 
6 
1 
0.5 
0 
Seed y ie ld 
(kg ha-') 
681.46 
1025.69 
703.58 
595.55 
775.92 
1000.00 
Production 
( t ) 
69,040 
12,830 
5,275 
788 
487 
2 
88,422 
Value o f output 
( '000 M K ) 
2,416,411 
449,036 
184,632 
27,563 
17,052 
74 
3,094,768 
Value o f output 
( '000 US$) 
34,520 
6,415 
2,638 
394 
244 
1 
44,212 
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1999/2000 
Season 
1996/99 1997/98 1996/97 
0.02 0.02 
2.28 
1.6 
8.91 
4.9 
1015 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
0 
AREA ('000 ha) Adoption (% of total groundnut area) 
17.87 
Since the y i e l d gap i s w i d e , farmers can o b t a i n s ign i f i can t 
benefi ts even f r o m sma l l p lo t s . Cash i n c o m e w i l l i m p r o v e , 
pa r t i cu la r ly for w o m e n farmers, w h o produce a major share 
o f g roundnu t in smal lholder areas. Besides, the add i t iona l 
p roduc t ion w i l l he lp improve the nu t r i t iona l status o f house-
ho lds . Fur the r studies on CG 7 a d o p t i o n a n d e c o n o m i c 
benef i ts w i l l b e ca r r i ed ou t d u r i n g the 2 0 0 0 / 0 1 g r o w i n g 
season by a d m i n i s t e r i n g s t ruc tured quest ionnaires . 
Future trends 
U n t i l 1997, a d o p t i o n o f C G 7 r e m a i n e d ra ther l o w . The re 
w e r e several reasons, b u t the m a j o r bo t t l eneck was n o n -
a v a i l a b i l i t y o f seed. The re i s n o o rgan i zed g r o u n d n u t 
seed p r o d u c t i o n and d e l i v e r y sys tem i n place i n M a l a w i , 
and almost no interest from private seed companies. However , 
i n recent years several n o n - g o v e r n m e n t o rgan iza t ions 
( N G O s ) ( A c t i o n A i d , S e l f H e l p Deve lopmen t , P L A N Inter -
nat ional , C A R E M a l a w i , W o r l d V i s i o n M a l a w i , N A S F A M , 
C a t h o l i c R e l i e f Services) , a n d o ther d e v e l o p m e n t a l o r g a -
n iza t ions such as M A F E and P R O S C A R P have been ac -
t i v e l y i n v o l v e d . T h e i r effor ts target the i n f o r m a l seed sup-
p l y sys tem ( c o m m u n i t y - b a s e d o r f a r m e r - t o - f a r m e r seed 
exchange) fo r C G 7 , w h i c h i s g r a d u a l l y b e i n g d i s t r i b u t e d 
to c o m m u n i t i e s w h e r e these o rgan iza t ions are ac t ive . T h e 
recen t ly i n i t i a t e d M a i z e P r o d u c t i v i t y Task Force , spec i f i -
c a l l y A c t i o n G r o u p 2 , was also l a rge ly i n v o l v e d i n estab-
l i s h i n g the N a t i o n a l S m a l l h o l d e r Seed P roduce r ' s A s s o -
c i a t i o n ( N A S S P A ) , w h i c h i s h e l p i n g t o accelerate the 
spread o f i m p r o v e d c rop var ie t ies i n c l u d i n g C G 7 . 
A n o t h e r fac tor i s the es tab l i shment o f t w o m a j o r 
projects funded by the U n i t e d States A g e n c y f o r In t e rna -
t i o n a l D e v e l o p m e n t ( U S A I D ) , the I C R I S A T - D A R T S -
U S A I D Projec t o n G r o u n d n u t a n d Pigeonpea , a n d the 
G A L D A L Project . E n s u r i n g the p r o d u c t i o n and supp ly o f 
breeder and basic seed of CG 7 i s a k e y c o m p o n e n t o f the 
I C R I S A T - D A R T S pro jec t . T h e G A L D A L Projec t w i l l b e 
a c t i v e l y i n v o l v e d i n p r o m o t i n g c e r t i f i e d seed p r o d u c t i o n 
t h r o u g h seed projects and other mechan i sms . T h e g o a l i s 
to m a x i m i z e the number o f farmers w h o receive CG 7 seed. 
As a resul t , we expect that n o n - a v a i l a b i l i t y o f CG 7 seed 
w i l l n o longe r be a m a j o r cons t ra in t i n the near fu tu re . 
Acknowledgment . W e are gra teful t o U S A I D , M a l a w i fo r 
f inanc ia l assistance (Gran t N o . 6 1 2 - G - 0 0 - 9 9 - 0 0 2 2 1 - 0 0 o f 
Project N o . 612-0235) . 
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T a b l e 2 . Economic value of production f rom C h a l i m b a n a 
a n d CG 7 a t different adoption rates in M a l a w i 
Varie ty 
( A d o p t i o n 
rate) 
C G 7 (10%) 
Chalimbana (10%) 
C G 7 (25%) 
Chalimbana (25%) 
CG 7 (40%) 
Chalimbana (40%) 
Seed 
yie ld 
( t) 
12,830 
8,523 
31,609 
21,001 
50,575 
33,602 
Income Income gap 
(US$ (US$ 
mil l ion) mi l l ion) 
6.415 2.153 
4.262 
15.805 5.304 
10.501 
25.287 8.486 
16.801 
Biotechnology 
Part ia l Characterization of the c D N A 
Clone of a L o w Temperature Induced 
Gene from Groundnut 
R S Dave and R K M i t r a (Nuclear A g r i c u l t u r e and 
B io techno logy D i v i s i o n , Bhabha A t o m i c Research 
Centre, Mumbai 400 085, Maharashtra, India) 
G r o u n d n u t (Arachis hypogaea) p l an t s s h o w m a x i m u m 
g r o w t h a t 2 8 ° C bu t exper ience severe me tabo l i c per turba-
t i ons w h e n exposed to tempera tures b e l o w 12°C ( B e l l e t 
a l . 1994) . H o w e v e r , g r o u n d n u t c u l t i v a r T A G 2 4 ( b u n c h 
t y p e d e v e l o p e d a t the B h a b h a A t o m i c Research Centre , 
M u m b a i , I n d i a ) i s able to w i t h s t a n d an abrupt temperature 
d o w n s h i f t ( 2 8 ° C to 12°C) and s u r v i v e a t the reduced t em-
pera ture f o r several days w i t h o u t any apparent in jur ies . 
T A G 24 recovers r a p i d l y f rom the stress and resumes nor -
m a l g r o w t h a t its o p t i m a l g r o w t h tempera ture ( 2 8 ° C ) . 
G r o w t h o f T A G 2 4 plants a t the reduced temperature elicits 
several adapt ive responses (e .g . , a c c u m u l a t i o n o f so lub le 
sugars, so lub l e polysacchar ides , a m i n o acids, and p ro l i ne ; 
dev ia t ions f rom n o r m a l g r o w t h pa t te rn such as increased 
g r o w t h o f roo t s ; and a b i l i t y t o ca r ry ou t net p h o t o s y n t h e -
sis) tha t are w i d e l y k n o w n to be associated w i t h a to le rant 
p h e n o t y p e ( D a v e and M i t r a 1993). I n order t o understand 
the m o l e c u l a r basis of the adaptations described, a c D N A 
l ibrary was const ructed to isolate l o w temperature induced 
genes as they are expected to play a cri t ical role in modula t ing 
these adaptive responses. 
Groundnu t seedlings were g r o w n a t 2 8 ° C (12-h day/12-h 
n i g h t ) fo r 15 days and then c o l d shocked fo r 10 days a t 
12°C ( 1 2 - h day /12 -h n i g h t ) . C o l d shocked seedlings were 
d e a c c l i m a t i z e d a t 2 8 ° C ( 1 2 - h day /12 -h n i g h t ) f o r 2 days. 
C o n t r o l seedl ings w e r e g r o w n a t 2 8 ° C ( 1 2 - h d a y / 1 2 - h 
n i g h t ) fo r 25 days . 
A c D N A l ib ra ry was constructed in p U C 18 (Pharmacia) 
u s i n g m R N A o b t a i n e d f r o m leaves o f c o l d shocked 
g r o u n d n u t seedl ings . T imesaver T m c D N A synthesis k i t 
(Pharmacia) was used to synthesize double stranded c D N A 
us ing o l i g o ( d T ) p r imer . Eco R1/Not1 adapters (Pharmacia) 
w e r e l i ga t ed t o e i ther ends o f the c D N A s , w h i c h were then 
c l o n e d i n t o the Eco R 1 site o f p U C 18. T h e c D N A l i b r a r y 
was screened b y c o l o n y h y b r i d i z a t i o n ( u s i n g 3 2P-labeled 
c o l d s h o c k e d c D N A a s a p r o b e ) . A f t e r p r i m a r y and 
secondary sc reen ing w i t h the c o l d shocked c D N A probe , 
t w e l v e p o s i t i v e c lones w e r e i d e n t i f i e d . Of these, 5 c lones 
designated a s p R D 1 , p R D 2 , p R D 8 , p R D 1 1 , and p R D 12 d i d 
no t y i e l d any insert e i ther due to absence o f an inser t o r 
the Eco R1 site m a y have been lost . T h e insert sizes of 
o ther c lones are: p R D 3 (0.3 k b ) , p R D 4 (0 .75 k b ) , p R D 5 
(0 .32 k b ) , p R D 6 (0 .36 k b w i t h a n in te rna l H i n d I I I s i te) , 
p R D 7 (0.4 kb ) , p R D 9 (0.2 kb ) , and p R D 10 (0.2 kb ) . A l l these 
c lones appeared t o be p a r t i a l . N o r t h e r n analys is o f these 
c lones w i t h the t o t a l c o n t r o l ( 2 8 ° C ) and c o l d shocked 
m R N A s s h o w e d v a r i e d express ion pa t te rn . p R D 3 , p R D 4 , 
and p R D 6 s h o w e d express ion u p o n c o l d shock o n l y , 
whereas p R D 2 a n d p R D 9 demons t ra t ed express ion b o t h 
in c o n t r o l ( 2 8 ° C ) a s w e l l a s i n c o l d shocked leaves. p R D 5 
s h o w e d d o w n r e g u l a t i o n u p o n c o l d shock . O f these 
c lones p R D 6 s h o w e d the strongest express ion u p o n c o l d 
shock. We designate th i s c lone as representa t ive of a 
pu t a t i ve gene Ahlti ( A r a c h i s hypogaea l o w tempera tu re 
i nduced ) . I t i s apparent that th i s c lone o f 0 .36 kb i s the 
gene i n d u c e d due to c o l d shock and i ts t ranscr ip t s pers is t 
a t r educed l eve l d u r i n g d e a c c l i m a t i o n a t 2 8 ° C (at least up 
to 48 h ) ( F i g . 1). 
F o r f u r t h e r f u n c t i o n a l c h a r a c t e r i z a t i o n , p R D 6 w a s 
sequenced on bo th the strands w i t h the M 13 f o r w a r d ( -40) 
and reverse ( -50) sequenc ing p r i m e r s u s i n g Sequenase 
P C R Product Sequencing K i t ( U S B - A m e r s h a m ) . A n a l y s i s 
o f the nuc le i c a c i d sequence shows that i t represents the 
Figure 1. Nor thern blot analysis of 
Ahlti expression in groundnut (cv 
T A G 24) leaves. To ta l R N A (50 µg) 
from leaves of control ( R T ) , cold 
shocked (CS) , and deacclimatized 
( D A ) plants was electrophoresed 
through a 1% formaldehyde agarose 
gel. R N A was transferred on to 
H y b o n d N nylon membrane 
(Amersham) according to the 
manufacturer's instructions. Blot 
was probed wi th a 32P-labeled c D N A 
insert p R D 6 . The probe hybridized 
to a 2.88 kb cold-induced transcript . 
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3 ' end o f A h l t i ( F i g . 2 ) . The Far Ups t ream E lemen t and the 
Nea r Ups t ream E lemen t o f p lant p o l y a d e n y l a t i o n s ignals 
are present ups t ream of the p o l y A t a i l . 
Search f o r sequence h o m o l o g y in the Swiss -Pro t data-
base revea led that the par t ia l c o d i n g sequence o f A h l t i 
shows h o m o l o g y t o euka ryo t i c C C A A T - b i n d i n g ( Y - b o x ) 
p ro te i n f a m i l y espec ia l l y t o h u m a n C C A A T - b i n d i n g t ran -
sc r i p t i on fac to r subun i t B ( C B F B ) , e l onga t i on fac to r TU 
o f M i c r o c o c c u s lu teus, and B r e v i b a c t e r i u m l inens and 
E s c h e r i c h i a c o l i c o l d shock p r o t e i n C s p A ( D a v e 1997) . 
A Y - b o x is present in the p r o m o t e r reg ion o f t w o tempera-
t u r e - i n d u c e d genes f r o m A r a b i d o p s i s t ha l i ana , r d 2 9 A 
and rd 29 B ( Y a m a g u c h i - S h i n o z a k i and Sh inozak i 1994). 
These observat ions suggest that A h l t i possib ly encodes 
a co ld induced C C A A T - b i n d i n g transcript ion factor i nvo l ved 
i n the t r ansc r i p t i ona l ac t i va t i on o f o ther c o l d induced 
genes. T h e t r ansc r i p t i on fac to r C B F 1 has been s h o w n to 
i nduce C O R ( c o l d regu la ted) genes and enhance f reez ing 
tolerance in Arab idops is (Jaglo-Ottosen et al . 1998). I nvo l ve -
m e n t o f A h l t i i n t r ansc r i p t i ona l ac t i va t i on m i g h t also i n 
par t be respons ib le f o r the to le ran t geno type T A G 24 . The 
nuc leo t i de sequence repor ted appears i n the E M B L , Gene 
B a n k a n d D D J B N u c l e o t i d e Sequence Databases under 
the accession n u m b e r Z 8 4 8 1 9 . 
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A TTA TGG CGT AAG TTC GAC GAT T C A T T C ATG CGC CCC G T T TTC GGC GGC AGG 52 
L W R K F D D S F M R P V F G G R 
GGT TTT GTT CCT GTA GAG CCT CGt TCT CCA ACC GAA CGC AAT GGC CAT GGA 103 
G F V P V E P G S P T E R N G H G 
TGG CAT TGA GAA GGC CAG A A A A C A A A A T A T GTA T G A TGT GTT GTA AGC TGC 154 
W H * 
T T A A A A T T T TGT GCA GAT A A A A A A TGC GTG T A T GAA GAA CCA CCT T A C TGA 205 
A A T T T T GTT A A G CTG TGT GTA TGG T G A T C A GAA CTG A G A CAG C T A T G T A A C 256 
A T A GTT CAT CTC TGC C T A T C T T G T A A G T T G T A A ACC TTA T G A A T A TAT TTG 307 
TAT T T A A T T GTT TGT AGA T T C T A A T T A T T A A A T T T G TCG CGA AAA AAA AAA AA 
Figure 2. Ahlti sequence. 
Note: Features of the sequence: 
<1 -360 m R N A 
<1—109 coding sequence 
2-82 Y-box b ind ing m o t i f 
289-294 H ind l l I 
304-309 Far Upst ream Element o f p lant polyadenylat ion signal 
318-323 Far Upstream Element of p lant polyadenylat ion signal 
336-341 Near Upstream Element of p lant polyadenylat ion signal 
352-360 Poly A ta i l 
Sequence Assay and Expression in E. coli 
DH5 of Peanut Stripe Virus Coat Protein 
Gene 
Li Guangcun1 , Bi Yuping1 , Guo Baotai1, Chen 
Xiaoyan2 , W a n g Xiul i 1 , Dong Weibo3 , and Lu Yanhui1 
( 1 . Biotechnology Research Center, Shandong Academy 
of Agricultural Sciences, Jinan 250100, China; 2. Shandong 
Cancer Hospital and Institute, Jinan 250117, China; 
3. Shandong Peanut Research Institute, La ix i 266601, 
Shandong, China) 
Peanut s t r ipe v i r u s ( P S t V ) i s a m e m b e r o f the p o t y v i r u s 
g r o u p a n d occurs i n m o s t o f the r eg ions o f the w o r l d 
w h e r e g r o u n d n u t i s g r o w n . Y i e l d r educ t ions o f m o r e than 
2 0 % have been repor ted ( Z e y o n g 1988). N o n e o f the c u l t i -
va ted peanut genotypes are k n o w n to be resistant to P S t V . 
A s pa r t o f a p r o j e c t a i m e d a t p r o d u c i n g coat p r o t e i n 
( c p ) m e d i a t e d t ransgenic resistance t o P S t V i n p lan t , w e 
have c loned PS tV-cp gene. T o t a l R N A o f P S t V was isolated 
f r o m leaves o f g r o u n d n u t co l l ec t ed i n Shandong p r o v i n c e 
i n C h i n a and p u r i f i e d f o l l o w i n g the m e t h o d descr ibed b y 
N a i d u e t a l . (1991) . PS tV-cp c D N A was obta ined by reverse 
t ranscr ip tase p o l y m e r a s e c h a i n r eac t i on ( R T - P C R ) u s i n g 
p r i m e r s syn thes ized a c c o r d i n g to the p u b l i s h e d sequence 
(Cass idy e t a l . 1993) . T h e d s - c D N A was r ecove red f r o m 
agarose g e l , t h e n d i r e c t l y l i ga t ed i n t o p G E M - T vec tor . 
C lones c o n t a i n i n g P S t V - c p c D N A sequences w e r e fur ther 
c o n f i r m e d b y P C R a n d r e s t r i c t i on endonuclease m a p p i n g 
and r e c o m b i n a n t c D N A clones w i t h inserts o f abou t 1.1 
kb in l e n g t h w e r e selected. O n e such c lone , des igna ted as 
p G E M - S t V 7 , w a s sequenced u s i n g the d i d e o x y c h a i n 
t e rmina t ion m e t h o d . T h e sequence analysis was p e r f o r m e d 
u s i n g the P C / G E N E M i c r o s o f t and c o m p a r e d w i t h the 
p u b l i s h e d sequence (Cass idy e t a l . 1993, G u n a s i n g h e e t 
a l . 1994, F l a s i n s k i e t a l . 1996) . T h e inser ted f r a g m e n t o f 
p G E M - S t V 7 c o n t a i n e d the f u l l caps id p r o t e i n gene a n d 
the 3 ' unt rans la ted r e g i o n i s s h o w n in F i g u r e 1 a l o n g w i t h 
the p r ed i c t ed a m i n o a c i d sequence. T h e c D N A sequence 
b e g i n n i n g f r o m 5 ' t e r m i n a l , con t a ined a n o p e n r e a d i n g 
f r a m e ( O R F ) o f 867 b p ( i n c l u d i n g the start c o d o n a n d the 
s top c o d o n ) and the 3 ' r e g i o n c o n t a i n e d a n o n - c o d i n g 
r e g i o n o f 223 b p . T h e O R F can code f o r P S t V - c p o f 2 8 7 
amino acids w i t h molecular mass o f 33,500 D a . Compar i son 
o f the P S t V - c p c D N A sequence w i t h the p u b l i s h e d data 
revea led sequence ident i t ies up to 9 6 - 9 9 . 5 % , w i t h the end 
that the stop c o d o n was T A G ins tead o f T A A . 
T h e inserts o f p G E M - S t V 7 w e r e s u b c l o n e d i n t o the 
Escherichia coli express ion p l a sm id p B V 2 2 0 ( Z h a n g 
Z h i q i n g e t a l . 1988) w i t h PRPL con tac t p r o m o t e r ( c a l l e d 
p B V - S t V ) . E x p o n e n t i a l l y g r o w i n g cul tures o f t r ans fo rmed 
E. coli D H 5 a ( ca l l ed p B V - S t V - D H 5 a) w e r e p l aced in a 
wa te r ba th f o r 1 , 2 , 4 , 6 , 8 , 1 0 , and 12 h . T h e samples w e r e 
t reated and e lec t rophoresed i n 1 2 % p o l y a c r y l a m i d e gels 
( S D S - P A G E ) and transferred on to nitrocellulose membrane . 
T h e P S t V caps id p r o t e i n (33 .5 K D ) was detected u s i n g 
p o l y c l o n a l antisera to P S t V ( C u l v e r e t a l . 1989) in wes te rn 
b lo ts ( F i g . 2 ) . 
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Figure 1. Nucleotide sequence of clone pGEM-StV7 of peanut stripe virus (PStV) capsid protein 
gene and deduced amino acid sequence. The initiation and termination codons are underlined. 
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G V D T A K D K K E K S N K G K G 
GGC GTG GAT ACT GCC AAG GAC AAG AAA GAG AAG AGC AAC AAA GGA AAA GGT 
P E S S E G S G N N S R G T E N Q 
CCT GAA AGC AGT GAA GGG TCA GGT AAC AAT AGT CGT GGA ACA GAG AAT CAA 
S M R D K D V N A G S K G K I V P 
TCA ATG AGA GAC AAG GAT GTG AAT GCT GGT TCA AAA GGA AAG ATT GTT CCT 
R L Q K I T K R M D L P M V K G N 
CGG CTT CAG AAG ATC ACA AAG AGA ATG GAT TTG CCA ATG GTG AAA GGG AAT 
V I L N L D H L L D Y K P E Q T D 
GTG ATC TTG AAT TTA GAT CAT CTT TTG GAT TAC AAG CCA GAG CAA ACT GAT 
L F N T R A T K M Q F E M W Y N A 
CTT TTC AAC ACA AGA GCA ACA AAG ATG CAG TTT GAA ATG TGG TAC AAT TCT 
V K G E Y E I D D E Q M S T V M N 
GTG AAG GGC GAG TAT GAA ATA GAT GAT GAA CAG ATG TCA ATT GTG ATG AAC 
G F M V W C I D N G T S P D V N G 
GGC TTT ATG GTG TGG TGT ATT GAC AAT GGC ACT TCA CCG GAT GTA AAT GGA 
T W V M M D G D E Q V E Y P L K P 
ACA TGG GTG ATG ATG GAC GGA GAC GAG CAA GTG GAA TAT CCT CTC AAA CCA 
M V E N A K P T L R Q I M H H F S 
ATG GTT GAG AAT GCA AAA CCT ACA CTT CGT CAA ATC ATG CAC CAT TTC TCA 
D A A E A Y I E M R N S E R P C M 
GAT GCA GCT GAA GCA TAC ATT GAG ATG AGA AAT TCT GAG CGA CCA TGC ATG 
P R Y G L L R N L R D K N L A R Y 
CCT AGG TAT GGA TTG CTT CGG AAT TTG AGG GAT AAA AAT CTA GCT CGC TAC 
A F D F Y E V T S K T S D R A R E 
GCT TTC GAC TTC TAT GAA GTG ACT TCC AAG ACA TCA GAT CGT GCA AGG GAA 
A V A Q M K A A A L S N V N S K L 
GCA GTA GCA CAG ATG AAG GCA GCA GCC CTC AGC AAT GTT AAC AGC AAG TTG 
F G L D G N V A T T S E N T E R H 
TTT GGA CTT GAT GGG AAT GTG GCA ACA ACC AGC GAG AAT ACT GAA AGG CAC 
T A R D V N Q N M H T L L G M G S 
ACT GCA AGG GAC GTT AAT CAG AAC ATG CAC ACA CTT CTT GGC ATG GGT TCT 
A Q 
GCG CAG TAG AGATTGGGTCAACCG ATCACAGTTAGCATCTCGCGTCGCTGAATAGT 
ATCATATAGTAATCTTITATGTTCTCTTTAGrnCAGTGTGGTTlTACCACCATTATTTA 
ACTATTGTGATAGTGTGGTTGGTCCACCAACATATTGCGAGTACTTTATG TTTATGAGT 
AAGCCGGAAGAACCATTGCAATAGCGAGGGCATGCAGAGTGATTCTATCATGTGGGAT 
CCCG 
31 
48 
65 
82 
99 
116 
133 
150 
167 
184 
201 
218 
235 
252 
269 
286 
288 
Pathology 
Figure 2. SDS-PAGE analysis of the 
expression of PStV-cp gene in E. coli 
D H 5 (1) pBV-StV-DH5 a at 0 h 
induction; (2) pBV-StV-DH5 at 4 h 
induction; and (3) control (pBV220-
D H 5 ) at 4 h induction. 
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Epidemiology of Late Leaf Spot and Rust 
of Groundnut in Guerrero , Mexico 
D H Noriega-Cantu1 , J Pereyra-Hernandez2 , 
I C Joaqufn-Torres1 , G Mora-Agui l era 3 , D Nieto-
Angel3, M A Cantu-Almaguer1 , and N O Gomez-
Montiel1 ( 1 . Instituto Nacional de Investigaciones 
Forestales y Agropecuarias, Campo Exptal. Iguala, a.p. # 
5, CP 40000, Iguala, Guerrero, Mexico; 2. Universidad 
Aut6noma de Guerrero, Esc. Sup. de Agricultura, Iguala, 
Guerrero, Mexico; 3. Colegio de Postgraduados, Montecil lo, 
Mexico) 
La te l e a f spot caused by Phaeoisariopsis personata and 
rust Puccini a arachidis are the m a i n f o l i a r diseases of 
g roundnu t in Guerrero , M e x i c o . B o t h diseases are endemic 
in the groundnut-producing region of Guerrero and general ly 
appear together caus ing severe d e f o l i a t i o n and ear ly p o d 
m a t u r i t y . Y i e l d losses, due to the c o m b i n e d effect o f these 
diseases, are about 3 5 % ( M a r t i n e z and D i a z 1985, Joaquin 
and A y a l a 1996). The applicat ion of some fungicides reduces 
the inc idence o f bo th diseases and increases the p r o d u c -
t i o n up to 1.01 c o m p a r e d to the untreated f ie lds ( M a r t i n e z 
and D i a z 1985) . T h i s s tudy was conduc t ed to assess three 
d i f fe ren t f u n g i c i d e p r o g r a m s to c o n t r o l late l e a f spot and 
rust under the f i e l d c o n d i t i o n o f N o r t h G u e r r e r o . A n epi -
demiological approach was used to compare disease progress 
curves obtained as a result of fungic ide treatments. Disease 
progress data were ana lyzed w i t h the G o m p e r t z , l og i s t i c , 
and monomolecu la r models as w e l l as the area under disease 
progress cu rve ( A U D P C ) and the f ina l disease in tens i ty 
(Y f ) in order to summarize, compare, and classify the epidem ics 
and to b r i n g ou t features that w e r e no t o b v i o u s f r o m the 
data alone ( C a m p b e l l and M a d d e n 1990). 
F i e l d t r ia ls were conduc ted d u r i n g sp r ing - summer (SS) 
cropping season of 1997 and 1998. A randomized block design 
was used w i t h f i v e repl icates . Each rep l i ca te cons i s ted o f 
20 m 2 , w i t h an i n t e r r o w spacing o f 80 cm and p lant spacing 
o f 4 0 c m . G r o u n d n u t c u l t i v a r R i o Balsas was s o w n d u r i n g 
the t h i r d f o r t n i g h t o f June i n 1997 and i n f i r s t f o r t n i g h t o f 
July in 1998. Four fungicides were used for chemica l protec-
t i o n : ca rbendaz im at 2 0 0 g a.i . ha - 1 ( C ) , copper o x y h c l o r i d e 
at 500 g a . i . ha -1 ( C u ) , z ineb at 4 8 0 g a . i . ha -1 ( Z ) , a n d 
ch lo ro tha lon i l at 1.13 kg a.i. ha - 1 ( C L ) . Treatments consisted 
o f three sprays o f the f o l l o w i n g f u n g i c i d e c o m b i n a t i o n s 
sprayed i n d i v i d u a l l y a t 14-day intervals s tar t ing w i t h v i sua l 
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expression o f symptoms: (1) C - Z - C L , (2) C L - C u - Z , (3) Z - C -
C L , and (4 ) Non -sp rayed (con t ro l ) . S ix plants per p lo t were 
selected in b o t h cyc les and disease inc idence ( i n SS 1997) 
and sever i t y ( i n SS 1998) was reco rded every w e e k . La te 
l ea f spot and rust w e r e scored w i t h a seven-classes 
p ic to r i ca l scale of sever i ty (1 = 0 - 0 . 5 % , 2 = 0 . 5 - 3 % , 3 = 3-
7 % , 4 = 7 - 1 5 % , 5 = 1 5 - 3 3 % , 6 = 3 3 - 7 0 % , and 7 = 7 0 - 1 0 0 % 
lea f area damage) . In add i t i on to the ep i dem io l og i ca l v a r i -
ables ( e p i d e m i c rate r , A U D P C , and Y f ) , damaged pods, 
d ry mass, and pod y ie ld were also recorded. 
In SS 1997 a n d SS 1998, onset o f late l ea f spot and rust 
ep idemic occur red at 92 and 100 days after s o w i n g , respec-
t i ve l y . T h e average ep idemic dura t ion was 35 days f o r bo th 
diseases. In SS 1997, a l l 20 late lea f spot ep idemics (r2 = 
0 . 8 9 - 0 . 9 7 ) a n d 19 out o f 20 o f rust ( r 2 > 0 . 8 - 0 . 9 ) were best 
described by the Gompertz model . In SS 1998, al l 20 epidemics 
o f late lea f spot ( r 2 = 0 . 88 -0 .99 ) and 11 out o f 20 ep idemics 
o f rust ( r 2 = 0 . 8 9 - 0 . 9 9 ) w e r e best descr ibed b y the m o n o -
m o l e c u l a r m o d e l . Because m o r e than one m o d e l f i t ted the 
e p i d e m i c data and the need o f a co r rec t i on f o r m a x i m u m 
disease intensity, epidemic rates were not suitable to compare 
t reatments ( C a m p b e l l and M a d d e n 1990). 
In SS 1997, the best late lea f spot and rust c o n t r o l was 
ob ta ined w i t h the C - Z - C L t reatment resu l t ing in the lowest 
A U D P C and Y f ( Tab le 1). D r y mass and p o d y i e l d w e r e 
also h ighe r i n C - Z - C L even t h o u g h stat is t ica l d i f fe rences 
were not f ound among al l treatments; yet, C - Z - C L i m p r o v e d 
the y i e l d o f the test c u l t i v a r by about 1 6 % (Tab le 2 ) . 
In SS 1998, C - Z - C L was also the best late leaf spot cont ro l 
s h o w i n g the lowest A U D P C and Y f , s im i la r to the p rev ious 
season. H o w e v e r , the best rust c o n t r o l was ach ieved w i t h 
C L - C u - Z (Tab le 1). Regardless o f the lack o f s tat is t ica l 
s ign i f i cance , d r y mass was h ighes t i n C - Z - C L whereas 
p o d y i e l d was h ighest i n C L - C u - Z t reatment . H o w e v e r , 
bo th t reatments i m p r o v e d the y i e l d test c u l t i v a r by abou t 
4 5 % (Tab le 2) . 
T h e results suggest the usefulness o f c a r b e n d a z i m , a 
sys temic f u n g i c i d e , a t the b e g i n n i n g o f the e p i d e m i c 
suppress ing the i n i t i a l i n o c u l u m and la tent i n f e c t i o n s 
f o l l o w e d by p ro tec t i ve fung i c ides . T h i s scheme appears 
to w o r k better f o r late lea f spot. A d d i t i o n a l studies are 
needed to de te rm ine the ear ly-season e f fec t o f the e n v i -
r o n m e n t a l cond i t i ons on the onset and on the disease 
progress rate of the epidemics to improve the current disease 
management . 
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T a b l e 1 . Effect of fungicide treatments on parameters of 
the curve of progress of late leaf spot and rust in ground-
nut c u l t i v a r R i o Balsas d u r i n g s p r i n g - s u m m e r (SS) 
1997 a n d 1998, G u e r r e r o , Mex ico . 
Treatment1 
SS 1997 
C-Z-CL 
C L - C u - Z 
Z -C-CL 
Contro l 
SS 1998 
C-Z-CL 
C L - C u - Z 
Z -C-CL 
Contro l 
Late leal spot2 
Y f 
20.40 a 
25.35 ab 
26.17 ab 
30.42 b 
6.26 a 
8.09 a 
7.17a 
32.30 b 
A U D P C 
173.1 a 
210.4 a 
212.8 a 
239.3 a 
74.62 a 
98.27 a 
84.54 a 
288.54 b 
Rust2 
Y f 
21.76a 
27.79 b 
28.15 b 
31 .14b 
5.84 b 
4 .01a 
5.96 b 
6.43 b 
A U D P C 
155.7 a 
192.5 b 
197.0 b 
218.5 b 
50.39 a 
31 .36a 
48.20 a 
76.12 b 
1 . C - Z - C L = c a r b e n d a z i m - z i n e b - c h l o r o t h a l o n i l ; C L - C u - Z = 
c h l o r o t h a l o n i l - c o p p e r o x y c h l o r i d e - z i n e b ; and Z - C - C L = 
z i n e b - c a r b e n d a z i m - c h l o r o t h a l o n i l . 
2 . Y f is the f i n a l disease i nc i dence (%) fo r SS 1997 and f ina l 
d isease seve r i t y (%) f o r SS 1998 ; A U D P C = A r e a unde r disease 
p rogress c u r v e ( p r o p o r t i o n - d a y ) . 
F igures w i t h same letters are not s ign i f i can t l y d i f ferent . M u l t i p l e 
c o m p a r i s o n o f means b y S t u d e n t - N e w m a n - K e u l s m u l t i p l e 
range test (P = 0 .05 ) . 
T a b l e 2 . Ef fect o f fungicide t rea tments on d a m a g e , d r y 
mass, a n d pod y ie ld o f g r o u n d n u t c u l t i v a r R i o Balsas 
d u r i n g s p r i n g - s u m m e r (SS) 1997 a n d 1998 , G u e r r e r o , 
Mexico1 . 
Treatment2 
SS 1997 
C-Z-CL 
CL-Cu-Z 
Z-C-CL 
Contro l 
SS 1998 
C-Z-CL 
CL -Cu-Z 
Z-C-CL 
Contro l 
Damaged 
pods 
(number 
plant-1) 
4 .14a 
3.05 a 
4.48 a 
4.78 a 
3.84 a 
2.42 a 
4.56 a 
6.12 a 
D r y 
mass 
(g plant-1) 
341 .0a 
335.4 a 
307.2 a 
278.8 a 
668.3 a 
643.3 a 
487.4 ab 
366.2 b 
Pod 
yield 
(t ha-1) 
2.801 a 
2.575 a 
2.411 a 
2.406 a 
3.023 ab 
3.123 a 
2.275 bc 
2 .127c 
1 . M u l t i p l e c o m p a r i s o n o f means by D u n c a n ' s test (P - 0 .05 ) . 
F igu res w i t h same le t ters are n o t s i g n i f i c a n t l y d i f f e r e n t . 
2 . C - Z - C L = c a r b e n d a z i m - z i n e b - c h l o r o t h a l o n i l ; C L - C u - Z = 
c h l o r o t h a l o n i l - c o p p e r o x y c h l o r i d e - z i n e b ; and Z - C - C L = 
z i n e b - c a r b e n d a z i m - c h l o r o t h a l o n i l . 
References 
C a m p b e l l , C . , and M a d d e n , L . V . 1990. I n t r o d u c t i o n t o 
p l a n t disease e p i d e m i o l o g y . N e w Y o r k , U S A : W i l e y 
In tersc ience . 532 p p . 
J o a q u i n T . , I . C . , and A y a l a L . , O . 1996. R i o Balsas y 
H u i t z u c o - 9 3 , nuevas variedades de cacahuate para 
Puebla , M o r e l o s y Guer re ro . F o l l e t o para p roduc tores N o . 
6 . M e x i c o : S A G A R . 15 pp . 
M a r t i n e z L , , A . G . , and D i a z , B . V . 1985. Cuant i f icac ion d e 
los daflos causados p o r enfermedades en cacahuate de 
t e m p o r a l e n M o r e l o s , P / V 1985. M e x i c o : S A G A R . 1 2 pp . 
Changing Scenario of Groundnut 
Diseases in Andhra Pradesh, Karnataka , 
and T a m i l Nadu States of India 
S Pande and J Narayana Rao (International Crops 
Research Institute for the Semi-Arid Tropics ( ICRISAT) , 
Patancheru 502 324, Andhra Pradesh, India) 
T h e states o f A n d h r a Pradesh, Karna taka , and T a m i l N a d u 
are a m o n g the largest p roducers o f g r o u n d n u t ( A r a c h i s 
hypogaea) in Ind i a . G r o u n d n u t is an impor tan t food , fodder 
a n d cash c r o p f o r s m a l l - h o l d e r fa rmers in these states. 
However , the yields are very l o w , up to 0.9 tha - 1 (Government 
o f I n d i a 1995) . A m o n g several b i o t i c and ab io t i c c o n -
straints o f g r o u n d n u t p r o d u c t i o n , diseases are the m a j o r 
cause f o r p o o r y i e l d s in these states. I n f o r m a l surveys 
and casual obse rva t ions o f researchers and farmers have 
i nd i ca t ed an increased inc idence o f so i l bo rne diseases 
a n d sh i f t i n the appearance o f f o l i a r diseases. T o c o n f i r m 
these obse rva t ions , sys temat ic s t ruc tu red surveys on the 
i nc idence and seve r i ty o f diseases o f g r o u n d n u t w e r e 
c o n d u c t e d i n se lected v i l l a g e s i n these three g r o u n d n u t -
g r o w i n g states d u r i n g 1999 r a i n y season. 
A to t a l o f 85 f a rmer s ' f i e lds i n f i v e d i s t r i c t s 
( M a h b u b n a g a r , K u r n o o l , A n a n t a p u r , Cuddapah , a n d 
C h i t t o o r ) i n A n d h r a Pradesh, 4 4 f i e lds i n t w o d i s t r i c t s 
( K o l a r a n d R a i c h u r ) i n K a r n a t a k a , a n d 1 0 f i e lds i n one 
d i s t r i c t ( D h a r m a p u r i ) i n T a m i l N a d u w e r e selected f o r 
these surveys . E a c h f i e l d was v i s i t e d t h r i c e d u r i n g the 
1999 c r o p season. T h e c r o p g r o w t h stages a t the t i m e o f 
s u r v e y w e r e : ( 1 ) seed l ing , ( 2 ) f l o w e r i n g a n d p o d f o r m a -
t i o n , a n d ( 3 ) p h y s i o l o g i c a l m a t u r i t y . Da t a o n diseases 
w e r e r e c o r d e d o n a ques t ionna i re schedule f o r m . S o i l -
b o r n e diseases such as c o l l a r r o t a n d s tem r o t , a n d a v i r a l 
disease c a l l e d b u d necros is disease ( B N D ) w e r e r e c o r d e d 
as n u m b e r of plants dead and ca lcula ted as the percentage 
o f k i l l e d p lants . T h e f o l i a r diseases, ea r ly l e a f spot ( E L S ) , 
late l e a f spot ( L L S ) , a n d rust w e r e scored on a 1-9 r a t i n g 
scale w h e r e 1 = no disease a n d 9 = m a x i m u m disease 
(Subrahmanyam et a l . 1995). 
M a j o r i t y o f the fa rmers g r e w g r o u n d n u t a s a sole c r o p 
in these states. A f e w farmers i n t e r c r o p p e d g r o u n d n u t 
w i t h p igeonpea (Cajanus ca jan) , pear l m i l l e t (Pennisetum 
glaucum), c o w p e a (Vigna unguiculata), or l ab lab bean 
( L a b l a b purpureus). These c rops w e r e s o w n after eve ry 
5 - 2 0 r o w s o f g r o u n d n u t . D u r i n g the 1999 r a i n y season, 
s o w i n g s w e r e d e l a y e d i n m o s t o f t he v i l l a g e s because o f 
late a r r i v a l o f ra ins . G e n e r a l l y g r o u n d n u t c r o p suf fe red 
f r o m d r o u g h t f r o m seed l ing t o p o d f o r m a t i o n stage. T h e 
diseases obse rved d u r i n g o u r surveys w e r e c o l l a r r o t , 
s tem ro t , E L S , L L S , rust , and B N D i n d i f f e ren t d i s t r i c t s o f 
these states. T h e inc idence a n d sever i ty o f these diseases 
is fu r the r discussed. 
C o l l a r r o t . C o l l a r r o t caused b y the s o i l b o r n e fungus 
Aspergillus niger was obse rved in a l l the f ie lds s u r v e y e d . 
T h e m e a n inc idence was up to 1 0 % in the seed l ing stages 
and u p t o 6 % a t m a t u r i t y stage o f the c rop . M o r e than 1 0 % 
c o l l a r ro t was obse rved i n the d i s t r i c t s o f K o l a r and 
R a i c h u r i n K a r n a t a k a and K u r n o o l i n A n d h r a Pradesh 
( T a b l e l ) . 
Stem rot . Stem ro t caused by Sclerotium rolfsii was i n v a r i -
a b l y present i n a l l f i e lds , i r respec t ive o f the c u l t i v a r a n d 
i n t e r c r o p p i n g f o l l o w e d b y the farmers . I t was f o u n d t o b e 
a p o t e n t i a l l y i m p o r t a n t disease o f g r o u n d n u t . T h e m e a n 
incidence was l o w (up to 4 % ) in the seedling stage, moderate 
t o h i g h ( u p t o 16%) d u r i n g f l o w e r i n g and p o d f o r m a t i o n 
stage, and v e r y h i g h ( 2 1 % ) a t m a t u r i t y stage o f the c r o p . 
T h e h ighes t disease inc idence ( 2 9 % ) w a s obse rved i n 
R a i c h u r d i s t r i c t and l owes t ( 1 0 % ) i n C h i t t o o r d i s t r i c t 
( T a b l e l ) . 
B u d necrosis disease. B u d necros is disease caused by 
peanut b u d necrosis v i r u s ( P B N V ) t r a n s m i t t e d b y t h r i p s 
was obse rved i n a l l the f a rmers ' f i e lds su rveyed . T h e d i s -
ease inc idence was l o w ( u p to 5%) in s eed l ing stage a n d 
reached m a x i m u m ( u p t o 19%) a t m a t u r i t y . I t was 2 5 % i n 
C h i t t o o r a n d C u d d a p a h d i s t r i c t s o f A n d h r a Pradesh a n d 
2 0 % i n K o l a r d i s t r i c t o f Ka rna t aka ( T a b l e 1). 
E a r l y l e a f s p o t . E a r l y l e a f spot caused by Cercospora 
arachidicola, as i ts n a m e i m p l i e s , appears f i r s t or in e a r l y 
g r o w t h stage o f the c r o p a m o n g the f o l i a r diseases. T h e 
m e a n E L S sever i ty was l o w ( u p t o 3 r a t i n g ) i n the seed l ing 
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stage and modera te ( u p to 5 ra t i ng ) in the f lower ing and 
p o d f o r m a t i o n stage i n a l l the d is t r i c ts (Tab le 2 ) . I t was 
f o u n d associated w i t h d e f o l i a t i o n a t ear ly g r o w t h stages 
o f the c r o p and was no t obse rved a t later stages o f c rop 
g r o w t h . W i t h t he onset o f f a v o r a b l e wea the r f o r f o l i a r 
diseases, E L S was m a s k e d b y L L S . 
L a t e lea f spot. La te l ea f spot caused by Phaeoisariopsis 
personata was c o m m o n l y observed in a l l the f a r m e r s ' 
f i e lds a t a l l t he g r o w t h stages in a l l the three states. T h e 
disease progressed s l o w l y in the beg inn ing and its ep idemic 
reached up to 8 r a t i n g a t m a t u r i t y i n m o s t o f the f a r m e r s ' 
f ie lds . I ts m e a n sever i t ies w e r e a r o u n d 2 r a t i ng d u r i n g 
seed l i ng stage, up to 4 r a t i n g in the f l o w e r i n g a n d p o d 
f i l l i n g stage, a n d h i g h ( u p t o 7 ) i n nea r -ma tu r i t y g r o w t h 
stage ( T a b l e 2 ) . 
R u s t . Rus t caused by Puccinia arachidis w a s obse rved 
i n a l l t he d is t r i c ts su rveyed . Disease sever i t y was l o w (2 
to 3 r a t i n g ) in the seed l ing stage except in R a i c h u r and 
M a h b u b n a g a r d is t r i c ts w h e r e the sever i t y was ra ted 4 to 
5 . T h e h i g h e r sever i t y o f rus t i n the seed l ing stage i n 
these t w o d is t r i c ts w a s due t o ear l y i n f e c t i o n f r o m a n i r r i -
ga ted s u m m e r ( M a r c h - A p r i l s o w n ) c r o p . I t appeared that 
the s u m m e r c r o p ac ted a s a n i n o c u l u m rese rvo i r o f E L S , 
L L S , and rust f o r i n f e c t i o n and spread these diseases to 
r a i n y season c rop . I n genera l the m e a n sever i t y o f rus t i n 
o ther su rveyed f ie lds was modera te ( u p to 5 ra t i ng ) d u r i n g 
the f lower ing and p o d f o r m a t i o n stage and h i g h ( u p to 8 
ra t ing) towards matu r i t y (Tab le 2 ) . The highest rust sever i ty 
( 9 ra t i ng ) was reco rded i n the d is t r i c ts o f A n a n t a p u r , 
Ra ichur , and D h a r m a p u r i (Tab le 2 ) . 
A m o n g so i lbo rne diseases, co l l a r r o t appeared t o be 
the p r e d o m i n a n t seed l ing disease and caused seed l i ng 
m o r t a l i t y w h i c h resu l ted i n p o o r p lan t s tand. T h o u g h 
stem ro t occu r red in the seed l ing stage, i ts i nc idence i n -
creased as the c r o p g rew o lde r and reached m a x i m u m a t 
m a t u r i t y . I t caused death o f the p lan ts as w e l l as r o t t i n g o f 
pods. Col la r ro t and stem rot diseases were earl ier considered 
less i m p o r t a n t , bu t w e r e n o w f o u n d t o b e po ten t i a l c o n -
st ra ints t o g r o u n d n u t p r o d u c t i o n . D u r i n g these su rveys , 
the t w o diseases we re f o u n d to cause subs tan t ia l y i e l d 
losses. Farmers considered stem ro t as a disease of g r o w i n g 
conce rn o f g roundnu t . A m o n g the f o l i a r diseases, E L S 
appeared i n the ear ly g r o w t h stage to f l ower ing and p o d 
f o r m a t i o n stage o f the c r o p a n d la ter m a s k e d b y L L S and 
rust . Hence i t was n o t obse rved a t later stages. L L S a n d 
rust gene ra l l y appeared d u r i n g the f l o w e r i n g and p o d 
f o r m a t i o n stage and con t i nued to increase t i l l m a t u r i t y 
caus ing severe d e f o l i a t i o n ( u p t o 9 0 % ) a n d w i t h e r i n g o f 
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T a b l e 1 . T h e scenario of soilborne diseases at seedling, f lowering and pod-f i l l ing, and near -matur i t y stages of g roundnut 
in f a r m e r s ' fields d u r i n g 1999 ra iny season surveys in A n d h r a Pradesh, K a r n a t a k a , and T a m i l N a d u states o f I n d i a . 
Dis t r ic t 
Andhra Pradesh 
Mahbubnagar 
Kurnoo l 
Anantapur 
Cuddapah 
Ch i t toor 
Karnataka 
Raichur 
Kolar 
Tami l Nadu 
Dharmapuri 
Mean 
No . o f 
fields 
observed 
12 
16 
21 
16 
20 
18 
26 
10 
Disease incidence1 (range %) 
SS 
3-9 
3-10 
2-8 
3-8 
2 -9 
2-12 
2-14 
2 -9 
2-10 
CR 
FP 
5-9 
4 -7 
2-5 
4 - 9 
3-9 
3-8 
2-8 
2-8 
3-8 
N M 
5-6 
4 -5 
2 -6 
4 -5 
3-4 
3-6 
2 -6 
2 -8 
3-6 
SS 
0-4 
2 -9 
0-2 
0-2 
1-4 
0 -4 
0-3 
0-3 
0-4 
SR 
FP 
1-10 
4 -16 
2-18 
3-18 
2 -8 
2-25 
2-16 
2-14 
2-16 
N M 
5-18 
3-27 
2-15 
3-25 
2 -10 
2-29 
3-23 
3-24 
3-21 
SS 
0-5 
1-5 
0 -4 
0-4 
1-7 
0 -9 
0-5 
0 -4 
0-5 
B N D 
FP 
1-6 
3-9 
2 -8 
6 -9 
3-15 
7-12 
3-10 
4 -12 
4 -10 
N M 
4 -16 
6-15 
3-18 
10-25 
4 -25 
11-19 
5-20 
6-19 
6-19 
1 . C R = C o l l a r r o t ; S R = S t e m r o t ; B N D = B u d necros is d isease; S S = S e e d l i n g s tage; F P = F l o w e r i n g a n d p o d - f i l l i n g s tage ; N M = N e a r -
m a t u r i t y s tage. 
f o l i a g e i n the suscept ib le g r o u n d n u t cu l t i va r s c o m m o n l y 
g r o w n b y f a rmers . T h e i n t e r c r o p p i n g pa t te rn c u r r e n t l y 
f o l l o w e d b y the f a rme rs , i r respec t i ve o f the c r o p species 
i n v o l v e d , d i d n o t have any i n f l u e n c e o n the i nc idence and 
sever i t y o f diseases o f g r o u n d n u t . H o w e v e r , g r o u n d n u t 
r o w s ad jacen t t o the i n t e r c ropped r o w h a d m o r e disease 
t han the g r o u n d n u t c r o p fa r thes t f r o m the i n t e r c r o p p e d 
row . 
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Evaluation of W i l d Arachis Germplasm 
Accessions for In V i t ro Seed 
Colonization and Aflatoxin Production 
by Aspergillus flavus 
R P Thakur , V P Rao, S V Reddy, and M Ferguson 
(International Crops Research Institute for the Semi-Ar id 
Tropics ( ICRISAT), Patancheru 502 324, Andhra Pradesh, 
India) 
A h i g h leve l o f stable resistance to a f l a t ox i n c o n t a m i n a t i o n 
( in fec t ion by Aspergillus f lavus and p roduc t ion o f a f l a tox in ) 
has no t been i d e n t i f i e d i n c u l t i v a t e d g r o u n d n u t ( A r a c h i s 
hypogaea), a l t h o u g h severa l geno types are r epo r t ed to 
possess res is tance to seed c o l o n i z a t i o n , seed i n v a s i o n 
and /o r a f l a t o x i n p r o d u c t i o n ( M e h a n 1989 , W a l i y a r e t a l . 
1994, U p a d h y a y a e t a l . 1997). I C R I S A T has a co l l ec t i on o f 
413 accessions o f w i l d Arachis spp, the m a j o r i t y o f w h i c h , 
have n o t been eva lua ted f o r res is tance t o a f l a t o x i n c o n -
t a m i n a t i o n . P r e v i o u s l y 16 species (9 b e l o n g i n g u n i f o r m l y 
to sec t ion Arachis, 3 to Erectoides, 2 to Rhizomatosae, 
a n d one each to Extranervosae a n d Triseminatae) w e r e 
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T a b l e 2 . T h e scenario of fo l iar diseases at seedling, f lower ing a n d pod-f i l l ing, a n d n e a r - m a t u r i t y stages of g roundnut in 
f a r m e r s ' fields d u r i n g 1999 ra iny season surveys in A n d h r a Pradesh , K a r n a t a k a , a n d T a m i l N a d u states o f I n d i a . 
Dis t r i c t 
Andhra Pradesh 
Mahbubnagar 
Kurnool 
Anantapur 
Cuddapah 
Ch i t toor 
Karnataka 
Raichur 
Kolar 
T a m i l Nadu 
Dharmapur i 
Mean 
No . o f 
fields 
observed 
12 
16 
21 
16 
20 
18 
26 
10 
Disease score1 (range) 
ELS 
SS 
1-3 
1-3 
1-2 
1-2 
1-3 
1-3 
1-3 
1-2 
1-3 
FP 
2 -4 
2 -4 
2-5 
3-4 
3-5 
3-6 
2 -4 
2 -4 
2-5 
SS 
1-2 
1-2 
1-3 
1-2 
1-2 
1-2 
1-3 
1-2 
1-2 
LLS 
FP 
3-4 
2-3 
1-3 
2-3 
1-3 
3-6 
1-5 
2 -4 
2 -4 
N M 
4 -8 
4 - 7 
4 - 7 
5-7 
2 - 6 
5-7 
4 - 8 
6-8 
4 - 7 
SS 
2 -4 
2-3 
1-3 
1-2 
1-3 
2-5 
1-2 
1-2 
1-3 
Rust 
FP 
3-7 
2 - 6 
1-4 
2-3 
1-4 
5-8 
1-5 
2 -4 
2-5 
N M 
5-8 
4 - 7 
4 - 9 
5-7 
2 -7 
7 -9 
4 - 8 
6 -9 
5-8 
1. R a t i n g on 1 -9 sca le w h e r e 1 = no d isease, a n d 9 = m a x i m u m disease. 
E L S = E a r l y l e a f s p o t ; L L S = La te l e a f spo t ; SS = S e e d l i n g s tage; FP = F l o w e r i n g and p o d - f i l l i n g s tage; NM = N e a r - m a t u r i t y s tage. 
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T a b l e 1. In v i t ro seed colonization severity by Aspergillus flavus and af latoxin product ion in 35 wild Arachis accessions. 
Accession no. 
I C G 144 
ICG 190 
I C G 8125 
ICG 8137 
ICG 8139 
I C G 8193 
ICG 8195 
I C G 8197 
I C G 8201 
ICG 8206 
ICG 8210 
ICG 8959 
ICG 8960 
ICG 11551 
ICG 13173 
ICG 14861 
ICG 14855 
ICG 8130 
ICG 8192 
ICG 8215 
ICG 8973 
ICG 13262 
ICG 13212 
ICG 14897 
ICG 8127 
ICG 8128 
I C G 8129 
ICG 8191 
ICG 8904 
ICG 8945 
ICG 11557 
ICG 11560 
ICG 8131 
ICG 13261 
ICG 14875 
J 11 (control) 
JL 24 (control) 
Mean 
SEm 
Section 
Arachis 
Arachis 
Arachis 
Arachis 
Arachis 
Arachis 
Arachis 
Arachis 
Arachis 
Arachis 
Arachis 
Arachis 
Arachis 
Arachis 
Arachis 
Arachis 
Caulorhizae 
Erectoides 
Erectoides 
Erectoides 
Erectoides 
Erectoides 
Heteranthae 
Heteranthae 
Procumbentes 
Procumbentes 
Procumbentes 
Procumbentes 
Procumbentes 
Procumbentes 
Procumbentes 
Procumbentes 
Triseminatae 
Triseminatae 
Triseminatae 
Arachis 
Arachis 
Arachis species 
A. villosa 
A. hoehnei 
A. stenosperma 
A. stenosperma 
A. duranensis 
A. valida 
A. duranensis 
A. monticola 
A. duranensis 
A. ipaensis 
A. batizocoi 
A. kempff-mercadoi 
A. magna 
A. benensis 
A. stenosperma 
A. kuhlmannii 
A. pintoi 
A. paraguariensis 
A. oteroi 
A. stenophylla 
A. paraguariensis 
A. major 
A. pusilla 
A. pusilla 
A. appressipila 
A. appressipila 
A. appressipila 
A. kretschmeri 
A. rigonii 
A. appressipila 
A. matiensis 
A. chiquitana 
A. triseminata 
A. triseminata 
A. triseminata 
A. hypogaea 
A. hypogaea 
Colonization 
severity1 
4.0 
3.5 
4.0 
4.0 
3.5 
2.5 
2.5 
3.5 
2.5 
4.0 
4.0 
2.5 
2.0 
1.5 
3.0 
3.0 
2.0 
2.0 
2.0 
3.5 
4.0 
3.5 
1.0 
4.0 
2.0 
2.5 
2.5 
3.0 
2.0 
3.5 
1.5 
1.0 
1.0 
1.5 
1.0 
4.0 
4.0 
2.74 
±0.64 
Af la tox in 
product ion2 
H 
M 
H 
H 
M 
M 
L 
H 
H 
H 
H 
H 
H 
M 
M 
H 
M 
M 
L 
H 
H 
M 
N 
H 
M 
H 
M 
H 
H 
H 
M 
N 
N 
L 
L 
H 
H 
H 
1 . Aspergillus f l a v u s c o l o n i z a t i o n s e v e r i t y o n 1 - 4 r a t i n g s c a l e ( s e e t e x t ) . 
M e a n o f 2 r e p l i c a t i o n s , w i t h 3 0 s e e d s i n e a c h r e p l i c a t i o n . 
2 . A f l a t o x i n e s t i m a t i o n w a s d o n e u s i n g 5 g s e e d p e r r e p l i c a t i o n . 
H - H i g h ( > 5 0 0 0 µg k g - 1 s e e d ) ; M = M o d e r a t e ( 1 0 0 1 - 5 0 0 0 µg kg - 1 s e e d ) ; L = L o w ( 1 0 0 - 1 0 0 0 µg k g - 1 s e e d ) ; a n d N = N e g l i g i b l e 
( < 1 0 0 µ k g - 1 s e e d ) . 
evalua ted and f o u n d t o suppor t the p r o d u c t i o n o f a f l a t o x i n 
( 3 4 - 1 1 0 µg g - 1 seed) ( M e h a n 1989) . 
W e r e p o r t the e v a l u a t i o n o f 3 5 g e r m p l a s m accessions 
o f w i l d Arachis b e l o n g i n g t o 2 4 species i n s ix sections fo r 
i n v i t r o seed c o l o n i z a t i o n b y a r t i f i c i a l i n o c u l a t i o n w i t h a 
r ecen t ly i d e n t i f i e d h i g h l y aggress ive and t o x i g e n i c s t ra in 
of A . f lavus ( i so la te A f 11 - 4 ) a n d fo r a f l a t o x i n p r o d u c t i o n 
( T a b l e 1). S i x t y seeds ( w e i g h i n g 4 - 1 0 g d e p e n d i n g on 
seed size) from each accession were surface s te r i l i zed w i t h 
0 . 1 % aqueous s o l u t i o n o f m e r c u r i c c h l o r i d e f o r 2 m i n and 
w a s h e d i n t w o changes o f d i s t i l l e d s t e r i l i zed water . Seeds 
were u n i f o r m l y w o u n d e d by p r i c k i n g w i t h a steri le needle, 
to a l l o w i n v a s i o n by A . f lavus spores. Seeds were p laced 
in a steri l ized pet r i dish (9 cm diameter) and spray inocula ted 
w i t h A. f lavus spo re s u s p e n s i o n (1 x 106 spores m L - 1 ) 
u s i n g a n a tomize r . T h e p e t r i dishes w e r e shaken v i g o r -
o u s l y t o r o l l the seeds a l l o w i n g u n i f o r m d i s t r i b u t i o n o f 
i n o c u l u m on the seeds. T h e e x p e r i m e n t was c o n d u c t e d i n 
t w o r e p l i c a t i o n s w i t h 3 0 seeds per r e p l i c a t i o n . T h e pe t r i 
dishes w e r e p l aced a t h i g h h u m i d i t y ( > 9 5 % R H ) i n semi-
r i g i d plast ic boxes, l i ned w i t h w e t co t ton w o o l a n d b l o t t i n g 
paper , w i t h c l o s e l y f i t t i n g l i d s , a n d incuba t ed a t 2 5 ° C i n 
the d a r k f o r 10 days . 
I n d i v i d u a l seeds w e r e scored fo r surface c o l o n i z a t i o n 
by A. f lavus and for co lon iza t ion severity us ing the f o l l o w i n g 
r a t i n g scale: 1 = < 5 % seed surface c o l o n i z e d w i t h scanty 
m y c e l i a l g r o w t h a n d no s p o r u l a t i o n ; 2 = 5 - 2 5 % seed sur-
face c o l o n i z e d w i t h g o o d m y c e l i a l g r o w t h and scanty 
s p o r u l a t i o n ; 3 = 2 6 - 5 0 % seed surface c o l o n i z e d w i t h 
g o o d m y c e l i a l g r o w t h and g o o d sporu la t ion ; and 4 = > 5 0 % 
seed surface c o l o n i z e d w i t h h e a v y s p o r u l a t i o n . T h e 
seeds w e r e then sp rayed w i t h e thano l a n d w a s h e d before 
u s i n g f o r a f l a t o x i n e s t i m a t i o n . A n i n d i r e c t c o m p e t i t i v e 
e n z y m e - l i n k e d i m m u n o s o r b e n t assay ( E L I S A ) m e t h o d 
was used ( D e v i e t a l . 1999) . 
L a r g e v a r i a t i o n o c c u r r e d b o t h fo r seed c o l o n i z a t i o n 
sever i ty ( 1 t o 4 ) a n d a f l a t o x i n p r o d u c t i o n [ h i g h ( > 5 0 0 0 u g 
kg"1 seed) to negl ig ible (< 100 µg kg -1 seed)] among accessions 
be long ing to different sections and species (Table 1). Acces-
sions I C G 13212 (A. pusilla,), I C G 11560 (A. chiquitana), 
a n d I C G 8131 and I C G 14875 (A. triseminata) recorded l o w 
c o l o n i z a t i o n seve r i ty and r e l a t i v e l y l o w a f l a t o x i n con ten t 
c o m p a r e d w i t h those o f c o n t r o l suscept ib le c u l t i v a r s J 11 
a n d J L 2 4 . Resistance o f the above accessions needs t o 
be eva lua t ed fo r seed i n f e c t i o n by A. f lavus. 
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Identification of Elite Short-duration, 
Rosette Resistant Lines in W o r l d 
Germplasm Collections 
P Subrahmanyam1; P J A van der Merwe1 , L J Reddy2, 
A J Chiyembekeza1, F M Kimmins3 , and R A Naidu 4 
( 1 . International Crops Research Institute for the Semi-
A r i d Tropics (ICRISAT), PO Box 1096, Lilongwe, Malawi ; 
2. ICRISAT, Patancheru 502 324, Andhra Pradesh, India; 
3. Natural Resources Institute, University of Greenwich, 
Chatham, Kent M E 4 4 T B , U K ; 4 . Department of Plant 
Pathology, 2102 Mi l l e r Plant Science Bui lding, University 
of Georgia, Athens, GA 30602-7274, USA) 
G r o u n d n u t roset te i s a m a j o r cons t ra in t to g r o u n d n u t p r o -
d u c t i o n i n sub-Saharan A f r i c a a n d its o f f shore is lands 
( S u b r a h m a n y a m et a l . 1 9 9 1 , 1 9 9 7 , N a i d u e t a l . 1999a). I t i s 
caused by a c o m p l e x o f three agents: g r o u n d n u t rosette 
assistor v i r u s ( G R A V ) , g r o u n d n u t rosette v i r u s ( G R V ) , 
a n d sate l l i te R N A o f G R V . T h e disease i s t r a n s m i t t e d b y 
aphids ( A p h i s craccivora) in pers is tent m a n n e r ( N a i d u e t 
a l . 1999a) . G r o u n d n u t rosette i s es t imated to cause annua l 
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y i e l d losses g l o b a l l y w o r t h U S $ 156 m i l l i o n ( I C R I S A T 
1992). 
I n the past, severa l m e d i u m - and l o n g - d u r a t i o n rosette 
res is tant g r o u n d n u t var ie t ies , such as RG 1 , R M P 12, and 
R M P 9 1 , have been deve loped and released f o r genera l 
c u l t i v a t i o n . H o w e v e r , t he i r adop t i on rate by fanners was 
l o w i n m o s t o f sub-Saharan A f r i c a , character ized b y short 
a n d errat ic r a i n f a l l . T h e need f o r sho r t -du ra t i on , rosette 
resistant var ie t ies has been w e l l recogn ized in the breed ing 
p r o g r a m s , and a t tempts have been made in the past to 
b reed such var ie t ies by c ross ing rosette resistant sources 
w i t h short-durat ion agronomica l ly superior Spanish variet ies. 
H o w e v e r , success in c o m b i n i n g shor t -dura t ion and rosette 
res is tance i n g o o d a g r o n o m i c b a c k g r o u n d b y b reed ing 
has n o t been m e t w i t h des i rab le success, p r o b a b l y due to 
c o m p l e x nature o f inher i tance o f these t ra i ts ( R e d d y and 
S u b r a h m a n y a m 1997). Hence, a r igo rous search was made 
to i d e n t i f y sho r t -du ra t i on rosette resistant g e r m p l a s m 
w i t h g o o d a g r o n o m i c features b y screen ing the w o r l d 
g e r m p l a s m us ing the in fec to r r o w techn ique ( B o c k and 
N i g a m 1988, Subrahmanyam et al. 1998). This article describes 
the botanical features and performance of t w o short-durat ion, 
rosette resistant elite germplasm, I C G 12988 and I C G 12991 . 
Origin and development 
I C G s 12988 and 12991 are g e r m p l a s m l ines co l l ec ted in 
f a r m e r ' s f i e lds i n M a d h y a Pradesh, I n d i a i n Oc tobe r 1988 
under the co l l ec to r numbers US 22 and US 2 5 , respec-
t i v e l y . T h e y w e r e i n t roduced in to I C R I S A T a t the 
Ch i t edz e A g r i c u l t u r a l Research Sta t ion near L i l o n g w e , 
M a l a w i in 1994 f o r eva lua t i on against rosette and ear ly 
l ea f spot (caused by Cercospora arachidicola). T h e 
o r i g i n a l sources had some suscept ib le p lants , w h i c h 
m i g h t have been due t o m i x t u r e s o r ou tc ross ing . So we 
p u r i f i e d t h e m b y c u l l i n g ou t the diseased p lan ts f o r t w o 
seasons. 
Morphological and agronomic characters 
I C G s 12988 and 12991 b e l o n g to the Spanish b o t a n i c a l 
g r o u p w i t h erect g r o w t h hab i t , sequent ia l b r a n c h i n g , and 
med ium-s i zed , dark green, e l l ip t i c leaves. On average, I C G 
12988 has 4.2 p r i m a r y a n d 2.5 secondary branches a n d 
I C G 12991 has 4.5 p r i m a r y a n d 2.6 secondary branches. 
They mature in 9 5 - 1 0 5 days after sow ing ( D A S ) at Ch i tedze 
[1149 m asl (above sea level ) ] and in 9 0 - 1 0 0 D A S at Ch i ta la 
(550 m asl), M a l a w i compared w i t h JL 24 w h i c h matures in 
1 1 0 - 1 2 0 D A S a t Ch i tedze and 9 0 - 1 0 0 D A S a t Ch i ta la . 
I C G s 12988 and 12991 have two-seeded s m a l l pods 
w i t h t h i n shel ls and s l igh t t o m e d i u m re t i cu la t i on . Pods o f 
bo th l ines have s l igh t t o m e d i u m cons t r i c t i on w i t h no o r 
l i t t le beak. Seeds are tan w i t h a 100-seed mass of 31.5 g f o r 
I C G 12988 and 30.8 g fo r I C G 12991 and have no fresh seed 
d o r m a n c y . B o t h var ie t ies have h i g h s h e l l i n g percentage: 
76.5 f o r I C G 12988 and 76 .0 f o r I C G 1 2 9 9 1 . A v e r a g e o i l 
con ten t i s 4 3 . 6 % i n I C G 12988 and 4 3 . 3 % i n I C G 1 2 9 9 1 . 
Ave rage p ro te in content i s 2 6 . 7 % in I C G 12988 and 2 7 . 1 % 
in I C G 12991. 
Disease reaction 
T h e reac t ion o f I C G s 12988 and 12991 to rosette i n the 
disease nu rse ry at Ch i tedze f o r f o u r seasons is g i v e n in 
Tab le 1 . The mean disease inc idence in these t r ia ls was 
6 . 0 % fo r I C G 12988 and 4 . 5 % fo r I C G 12991 ( F i g . 1 ) . T h e 
suscept ib le con t ro l var ie t ies , M a l i m b a and J L 2 4 , s h o w e d 
T a b l e 1 . React ion o f g roundnut genotypes I C G s 12988 and 12991 and control cult ivars M a l i m b a a n d JL 24 under high 
rosette disease si tuat ion a t Ch i tedze A g r i c u l t u r a l Research Sta t ion , M a l a w i d u r i n g 1 9 9 4 - 9 8 . 
Genotype 
ICG 12988 
ICG 12991 
Ma l imba (control) 
JL 24 (control) 
Tr ia l mean 
SE 
C V (%) 
1994/95 
8 
9 
100 
100 
1995/96 
5 
0 
93 
96 
13.6 
±4.2 
26.7 
Rosette incidence (%) 
1996/97 
10 
6 
92 
87 
19.4 
±5.3 
25.3 
1997/98 
1 
3 
97 
29.0 
±4.6 
5.1 
Mean 
6.0 
4.5 
95.0 
95.0 
Disease 
index 
(1996) 
1.5 
1.4 
2.8 
2.8 
1.65 
±0.09 
6.0 
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Figure 1. Field reaction of groundnut genotype I C G 12991 
against rosette at Chitedze, Malawi . 
9 5 % disease inc idence . Rosette disease index ( O l o r u n j u 
e t a l . 1991) was l o w e r for I C G 12988 (1 .5 ) and I C G 12991 
( 1 . 4 ) c o m p a r e d to the suscept ible var ie t ies (2 .8 ) . 
Reaction to the vector 
B o t h I C G 12988 and I C G 12991 are resistant to the vec tor 
A. craccivora ( N a i d u et a l . 1999b) . L a b o r a t o r y studies on 
aphid su rv iva l , reproduct ion , and feeding behavior s h o w e d 
l o w rate o f n y m p h a l deve lopmen t , reduced f ecund i ty , and 
smaller-sized aphids on I C G 12991 compared to susceptible 
geno types JL 24 and CG 7 ( M i n j a e t a l . 1999) . Resistance 
to aph ids increases w i t h age o f the plants ( N a i d u e t a l . 
1999b) . F i e l d resistance o f I C G 12988 and I C G 12991 t o 
rosette is a t t r ibu ted to resistance to vector aphids . 
Yield performance 
B o t h I C G s 12988 and 12991 were iden t i f i ed as short-dura-
t i o n , h i g h - y i e l d i n g l ines w i t h resistance t o rosette d u r i n g 
the 1994/95 c r o p season and subsequent ly in 1995/96 , 
1996/97, and 1997/98 at Chitedze, M a l a w i (Subrahmanyam 
e t a l . 1998). 
T h e m a g n i t u d e o f d i f ferences i n p o d y i e l d be tween r o -
sette resis tant g e r m p l a s m ( I C G s 12988 and 12991) and 
suscept ib le c u l t i v a r s ( M a l i m b a and J L 2 4 ) was v e r y h i g h 
under h i g h disease pressure (Tab le 2 ) . In y i e l d t r ia ls under 
h i g h disease pressure a t Ch i t edze , M a l a w i , d u r i n g the 
1996/97 a n d 1997/98 c r o p seasons, I C G 12988 and I C G 
12991 gave a y i e l d advantage o f ove r 1020%. U n d e r l o w 
disease pressure in the same years, I C G 12988 gave a y i e l d 
advantage o f 6 . 8 % and I C G 12991 over 14.7%. U n d e r h i g h 
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disease pressure, even the she l l i ng percentage o f the 
suscept ib le cu l t i va rs was l o w compared t o that o f I C G s 
12988 and 12991. 
In o n - f a r m t r ia ls conduc ted d u r i n g the 1997 of f -season 
a t three loca t ions in K a r o n g a , M a l a w i , the mean p o d 
y ie lds o f ICGs 12988 and 12991 were s imi lar to that o f JL 24 
under no disease s i tua t i on . H o w e v e r , bo th I C G s 12988 
and 12991 had bet ter she l l i ng percentage (Tab le 3 ) . 
In f a r m e r - p a r t i c i p a t o r y y i e l d t r ia ls conduc ted a t 45 
loca t ions i n d i f f e ren t ag roeco log i ca l zones o f M a l a w i 
d u r i n g the 1998/99 g r o w i n g season, I C G 12988 and I C G 
12991 gave an average y i e l d advantage o f ove r 6% and 
7 % , respec t i ve l y . Rosette inc idence d u r i n g the season 
was n e g l i g i b l e ( < 1 % ) a t a l l loca t ions . 
B o t h I C G 12988 and I C G 12991 are h i g h y i e l d i n g and 
have an exce l l en t po ten t ia l f o r c u l t i v a t i o n in p r o d u c t i o n 
systems character ized by short ra iny seasons and recurrent 
roset te e p i d e m i c s i n sub-Saharan A f r i c a . 
Seed availability 
T h e Gene t i c Resources and Enhancemen t P r o g r a m , 
I C R 1 S A T , P O B o x 1096, L i l o n g w e , M a l a w i , main ta ins the 
breeder seed o f I C G 12988 and I C G 12991. L i m i t e d quant i -
t ies o f seed are made ava i lab le on request. 
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T a b l e 3 . P e r f o r m a n c e o f g r o u n d n u t geno t ypes I C G s 12988 a n d 12991 a n d c o n t r o l c u l t i v a r J L 2 4 i n o n - f a r m t r i a l s a t 
t h r e e l oca t i ons i n K a r o n g a A g r i c u l t u r a l D e v e l o p m e n t D i v i s i o n , M a l a w i d u r i n g t h e o f f - season , 1997. 
Genotype 
ICG 12988 
ICG 12991 
JL 24 (control) 
Tr ia l mean 
SE 
C V (%) 
Pod y ie ld (t ha-1) 
lponga 
3.2 
4.1 
2.7 
2.7 
±0.29 
22 
Kat in inda 1 
4.2 
3.6 
4.0 
3.6 
±0.37 
23 
Kat ininda 2 
5.7 
3.7 
5.4 
4.8 
±0.70 
30 
Mean 
4.37 
3.80 
4.03 
Shelling (%) 
lponga 
78 
76 
70 
66 
±1.0 
7.0 
Kat in inda 1 Kat in inda 2 
75 
69 
66 
63 
±2.4 
8.0 
74 
76 
72 
66 
±2.3 
7.0 
Mean 
75.7 
73.7 
69.3 
a n d t he i r m a n a g e m e n t : research p r i o r i t i e s and strategies. 
T r o p i c a l Pest M a n a g e m e n t 3 7 : 2 5 9 - 2 6 9 . 
S u b r a h m a n y a m , P., H i l d e b r a n d , G . L . , N a i d u , R . A . , 
R e d d y , L . J . , and S i n g h , A . K . 1998. Sources o f resistance 
t o g r o u n d n u t roset te disease i n g l o b a l g r o u n d n u t 
g e r m p i a s m . A n n a l s o f A p p l i e d B i o l o g y 132 :473 -485 . 
S u b r a h m a n y a m , P., van W y k , P.S., Kisyombe, C .T . , Cole, 
D .L . , H i l d e b r a n d , G . L . , Ch iyembekeza , A . J . , and van der 
M e r w e , P . J . A . 1997. Diseases o f g r o u n d n u t i n the Sou th -
e r n A f r i c a n D e v e l o p m e n t C o m m u n i t y r e g i o n and the i r 
m a n a g e m e n t . I n te rna t i ona l Jou rna l o f Pest M a n a g e m e n t 
43 :261-273. 
Management of Col lar Rot of Groundnut 
by Pseudomonas fluorescens 
J Sheela and D Packiaraj (Agricultural Research Station, 
Tami l Nadu Agricultural University, Aliyarnagar 642 101, 
Tami l Nadu, India) 
C o l l a r r o t caused by Aspergillus niger is a w idesp read 
disease in g r o u n d n u t . Aspergillus niger causes r o t t i n g of 
seed, p re -emergence sof t r o t o f the h y p o c o t y l s , and pos t -
emergence co l la r ro t o f seedlings. Co l la r ro t spreads t h r o u g h 
the spores a d h e r i n g to the seeds and pods f rom one sea-
son to the o ther . Severa l w o r k e r s have t r i e d to manage 
th i s disease by seed d ress ing w i t h d i f f e r e n t f u n g i c i d e s 
( S i d h u a n d C h o h a n 1 9 7 1 , W h i t e h e a d and T h i r u m a l a c h a r 
1974) . A p p l i c a t i o n o f f u n g i c i d e s t o so i l a n d p lan ts can 
cause so i l a n d a i r p o l l u t i o n , hazards f o r h u m a n s , a n i m a l s , 
and bene f i c i a l rh izosphere m i c r o o r g a n i s m s . The re fo re , an 
a l ternat ive m e t h o d o f b i o l og i ca l con t ro l o f p lan t pa thogens 
has been focused recently. The present study was conduc ted 
to f i nd ou t the e f f ec t i ve b i o c o n t r o l agent aga ins t c o l l a r r o t 
as an a l te rna t i ve to f u n g i c i d e . 
E x p e r i m e n t a l t r ia ls w e r e conduc ted a t the A g r i c u l t u r a l 
Research S ta t ion , A l i y a r n a g a r , T a m i l N a d u , I n d i a f o r t w o 
years in 1997 and 1998 cropp ing seasons. Groundnut cu l t i vars 
Co 2 [ r a i n y season ( k h a r i f ) ] and V R 1 4 [ pos t r a i ny season 
( r a b i ) ] , suscept ib le to co l la r ro t we re s o w n in 3 x 5 m2 p lo ts 
i n a r a n d o m i z e d b l o c k des ign w i t h th ree rep l i ca t i ons a n d 
eight treatments. The commerc ia l product o f the antagonists, 
v iz . , Trichoderma viride and T. harzianum, bo th at 4 g kg-1 of 
seed and Pseudomonasfluorescens at 10 g kg -1 w e r e used 
f o r seed t rea tmen t ( S T ) . T h e t rea ted seeds w e r e shade 
d r i e d and s o w n . C a r b e n d a z i m seed t rea tmen t (2 g k g 1 ) 
w a s a lso i n c l u d e d as one o f the t rea tments . N e e m cake 
w a s a p p l i e d to the respec t i ve p lo ts a t 160 kg ha - 1 be fo re 
s o w i n g . C o n t r o l p lo ts w e r e m a i n t a i n e d w i t h o u t any so i l 
app l i ca t i on ( S A ) . 
Pre-emergence r o t t i n g was es t ima ted b y c o u n t i n g the 
n u m b e r o f g e r m i n a t e d seeds a t 10 days af ter s o w i n g 
( D A S ) . Disease inc idence was recorded 2 5 and 4 5 D A S b y 
c o u n t i n g the i n f ec ted p lan ts . 
A m o n g the t reatments, P.fluorescens ( S T ) + neem cake 
( S A ) was f o u n d to be the best in reduc ing co l la r ro t ( 6 . 6 3 % ) 
f o l l o w e d by T . viride ( S T ) + neem cake ( S A ) ( 7 . 8 9 % ) , and 
P.flourescens ( S T ) ( 8 . 2 7 % ) as compared to 1 8 . 7 7 % in con -
t r o l ( T a b l e 1). T rea tmen ts r e c e i v i n g T. viride ( S T ) + n e e m 
cake ( S A ) gave h igher p o d y i e l d (1849 .49 kg ha -1) f o l l o w e d 
T a b l e 1 . Ef fect o f antagonists on col lar rot incidence in g r o u n d n u t d u r i n g 1 9 9 7 - 9 9 , A l i y a r n a g a r , T a m i l N a d u , Ind ia 1 . 
Treatment2 
Trichoderma viride (ST) 
T. harzianum (ST) 
Pseudomonasfluorescens (ST) 
T. viride (ST) + neem cake (SA) 
T. harzianum (ST) + neem cake (SA) 
P.fluorescens (ST) + neem cake (SA) 
Carbendazim (ST) 
Cont ro l 
C D (P = 0.05) 
Col lar rot incidence3 (%) 
K 1997 
11 .88(20 .13) 
15.73 (23.34) 
8.99 (17.36) 
8.49 (16.95) 
12.51 (20.70) 
6.66 (15.00) 
3.30 (10.47) 
20.60 (26.99) 
0.45 
R 1997/98 
9.12 (17.56) 
13.44 (21.47) 
6.45 (14.77) 
6.36 (14.65) 
10.30 (18.72) 
5.73 (13.81) 
2.27 (8.72) 
17.79 (24.95) 
0.58 
K 1998 
11.83 (20.09) 
14.42 (22.30) 
8.24 (16.64) 
7.32 (15.68) 
10.22 (18.63) 
6.46 (14.77) 
3.46 (10.78) 
19.07 (25.91) 
0.54 
R 1998/99 
13.26 (11.39) 
15.41 (23.11) 
9.39 (17.85) 
9.39 (17.85) 
11 .19(19 .55) 
7 .66 (16 .11 ) 
3.20 (10.30) 
17.61 (24.80) 
0.31 
Mean 
11 .53(19 .82) 
14.75 (22.63) 
8.27 (16.74) 
7.89 (16.32) 
11.06 (19.46) 
6.63 (14.89) 
3 .06 (10 .14 ) 
18.77 (25.70) 
1 . C o l l a r r o t suscep t i b l e g r o u n d n u t c u l t i v a r s w e r e t es ted ; Co 2 in k h a r i f ( K ) ( r a i n y season) a n d VR l 4 i n r a b i ( R ) ( p o s t r a i n y season) . 
2 . S T = Seed t r e a t m e n t ; a n d S A = S o i l a p p l i c a t i o n . 
3 . F i g u r e s i n parentheses are t r a n s f o r m e d va lues . 
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by P. f luorescens ( S T ) ( 1800 .48 kg ha - 1) as compared to 
con t ro l (1557 .14 kg ha -1) (Tab le 2) . 
Lash in e t a l . ( 1989 ) repor ted that co l la r ro t disease i n c i -
dence was l o w e r i n g roundnu ts r ece i v i ng so i l t reatments 
of T. harzianum at the seed l ing and vegeta t ive g r o w t h 
s tages. 
B iop ro tec tan ts p r o v i d e un ique oppo r tun i t i es f o r c rop 
p r o t e c t i o n . A b iop ro tec tan t app l i ed as seed t rea tment can 
g r o w on the p lan ted seed and the e m e r g i n g roo t , and i f the 
genet ics o f the b iopro tec tan ts are appropr ia te , co l on i ze 
and p ro tec t the ent i re subterranean p lant po r t i ons f r o m 
i n f e c t i o n . Seed t rea tment w i t h b iopro tec tan ts is qu i te in-
expens i ve and e c o f r i e n d l y as compared to o ther me thods 
o f disease c o n t r o l a n d can be successfu l ly e x p l o i t e d f o r 
the c o n t r o l o f a w i d e range o f seedborne as w e l l as s o i l -
bo rne diseases. 
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Management of Leaf Spots of Groundnut 
by Nutr i t ion and Fungicide: An 
Integrated Approach 
S S Bag, S K Ra j , and S Das (Department of Plant 
Pathology, Bidhan Chandra Kxishi Viswavidyalaya, 
Mohanpur741 252,Nadia, West Bengal, India) 
G r o u n d n u t i s one o f the m a j o r o i lseed crops af ter m u s t a r d 
and g r o w n t h r o u g h o u t the year i n Wes t B e n g a l , I n d i a . 
E a r l y l e a f spot (Cercospora arachidicola) and late l e a f 
spot (Phaeo isar iops is personata) cause ser ious damage 
t o g r o u n d n u t c r o p i n m a n y areas. T h e y i e l d d e c l i n e d b y 
5 .50 -6 .08 g p l o t - 1 (4 m 2 ) f o r every 1% un i t increase in d is -
ease sever i ty (Das and R o y 1995). To m i n i m i z e loss in p o d 
y i e l d va r ious chemica ls i n c l u d i n g sys temic f u n g i c i d e s 
have been used f r o m t i m e to t i m e ( L o k h a n d e e t a l . 1998) . 
Staggered use o f chemica ls f o r the m a n a g e m e n t o f c r o p 
disease is o f t en associated w i t h p r o b l e m s such as p o l l u -
t i o n hazards a n d res idua l t o x i c i t y . I n teg ra ted disease 
managemen t t h r o u g h a l te ra t ion o f cu l t u ra l opera t ions and 
b r e e d i n g f o r e l i t e , disease resistant cu l t i va rs i s g a i n i n g 
impo r tance in recent t imes ( G u p t a 1985, G h e w a n d e e t a l . 
1992, W a l i y a r e t a l . 1993). 
A n e x p e r i m e n t w a s c o n d u c t e d t o d e t e r m i n e the e f fec t 
o f o rgan ic a n d i no rgan i c n u t r i t i o n and i ts c o m b i n a t i o n 
w i t h f u n g i c i d e o n the sever i ty o f l e a f spots o f g r o u n d n u t . 
G r o u n d n u t c u l t i v a r Phu le Praga t i ( J L 2 4 ) (suscep t ib le t o 
ear l y and late l e a f spots) was s o w n on 2 x 5 m p lo ts d u r i n g 
r a i n y season i n 1997 and 1998. T h e e x p e r i m e n t was c o n -
ducted in a randomized b l ock design w i t h three rep l ica t ions. 
There were 8 treatments: (1 ) Ni t rogen-phosphorus-potassium 
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T a b l e 2 . Effect o f antagonists on d r y pod yield o f groundnut d u r i n g 1 9 9 7 - 9 9 , A l i y a r n a g a r , T a m i l N a d u , Ind ia 1 . 
Treatment2 
Trichoderma viride (ST) 
T. harzianum (ST) 
Pseudomonas fluorescens (ST) 
T. viride (ST) + neem cake (SA) 
T. harzianum (ST) + neem cake (SA) 
P. fluorescens (ST) + neem cake (SA) 
Carbendazim (ST) 
Contro l 
C D (P = 0.05) 
Pod y ie ld (kg ha-1) 
K 1997 
861.50 
933.75 
933.75 
975.00 
940.00 
1035.00 
1078.85 
800.55 
55.32 
R 1997/98 
2612.97 
2524.08 
2781.49 
2829.64 
2601.85 
2305.56 
3048.16 
2468.53 
201.04 
K 1998 R 1998/99 
893.33 2420.00 
906.67 2349.99 
933.33 2553.53 
1026.67 2566.67 
919.99 2486.67 
1066.67 2533.33 
1093.33 2580.00 
813.34 2146.67 
76.21 188.12 
Mean 
1696.95 
1678.62 
1800.48 
1849.49 
1737.13 
1735.14 
1950.00 
1557.14 
1 . C o l l a r ro t suscep t ib le g r o u n d n u t c u l t i v a r s we re tes ted ; Co 2 i n k h a r i f ( K ) ( r a i n y season) and V R I 4 i n rab i ( R ) ( pos t r a i ny season). 
2 . ST = Seed t r ea tmen t ; and SA = S o i l a p p l i c a t i o n . 
( N P K ) a t 30 :70 :30 k g ha -1; ( 2 ) F a r m y a r d manure ( F Y M ) a t 
1 3 1 ha - 1 w h i c h conta ins 0 . 2 5 % N , 0 . 5 0 % P 2O 5 , and 0 . 2 5 % 
K 2 O ; ( 3 ) F Y M + N P K a t 6 . 5 t h a - 1 + 1 5 : 3 5 : 1 5 k g h a - 1 r e s p e c -
t i v e l y ; ( 4 ) F Y M + N P K + f u n g i c i d e ; ( 5 ) N P K + f u n g i c i d e ; 
( 6 ) F Y M + f u n g i c i d e ; ( 7 ) F u n g i c i d e ( n o F Y M a n d N P K ) ; 
a n d ( 8 ) U n t r e a t e d c o n t r o l ( n o F Y M , N P K , a n d f u n g i c i d e ) 
( T a b l e 1). A l l the f e r t i l i z e r s a n d F Y M w e r e used a s basal 
d u r i n g s o w i n g . T h e f u n g i c i d e D i t h a n e M - 4 5 a t 2 g L - 1 o f 
wa t e r was sp rayed 4 t imes , 25 days after s o w i n g at 15-day 
in te rva l s . Disease sever i ty on i n d i v i d u a l p lan ts was ra ted , 
u s i n g 1-6 scale ( L e w i n e t a l . 1973) , 10 days before harvest 
by us ing a schematic d iag ram and c o m p u t e d as: 
S u m o f a l l n u m e r i c a l ra t ings 
Seve r i ty i ndex ( % ) = x 100 
T o t a l leaflets x M a x i m u m 
o b s e r v e d r a t i n g 
o n t o t a l p lan ts 
T e n p lan ts pe r p l o t per r e p l i c a t i o n w e r e selected r a n -
d o m l y t o assess the disease seve r i ty per p l o t ( m a x i m u m 
r a t i n g = 6 ) . A l l p lan ts i n a p l o t w e r e harves ted t o c o m p u t e 
the t o t a l y i e l d . 
Disease c o n t r o l ( D C ) ( % ) was ca l cu la t ed as: 
Disease sever i ty ( % ) - Disease seve r i ty ( % ) 
i n c o n t r o l i n t r ea tmen t 
Disease s e v e n t y ( % ) i n c o n t r o l 
T h e cost: benef i t r a t i o was o b t a i n e d b y c a l c u l a t i n g 
ac tua l cost o f p r o d u c t i o n i n c l u d i n g cost o f f u n g i c i d e , 
f e r t i l i ze r s , a n d manures a n d t he i r a p p l i c a t i o n , a n d the 
ac tua l m a r k e t p r i c e o f p roduce . 
A l l the t rea tments s i g n i f i c a n t l y r educed the sever i ty o f 
l e a f spots a n d increased the p o d y i e l d a s c o m p a r e d w i t h 
the u n t r e a t e d c o n t r o l . T h e y a l so s h o w e d d i f f e r e n t i a l 
effects i n c o n t r o l l i n g the l e a f spots under f i e l d c o n d i t i o n 
T a b l e 1 . Disease severi ty o f e a r l y a n d late l e a f spots a n d pod y ie ld o f g r o u n d n u t i n d i f f erent organ ic a n d inorgan ic 
n u t r i e n t a n d fungicide combinat ions in r a i n y season 1997 a n d 1998 . 
Treatment1 
N P K 
F Y M 
N P K + F Y M 
N P K + F Y M + 
fungicide 
N P K + 
fungicide 
F Y M + 
fungicide 
Fungicide 
Con t ro l 
(untreated) 
SE 
C D (P= 0.05) 
C V (%) 
Disease severity2 (%) 
1997 
48.72 
(44.26) 
51.03 
(45.59) 
42.63 
(40.76) 
29.68 
(32.99) 
36.42 
(37.13) 
44.96 
(42.09) 
30.00 
(33.21) 
63.39 
(52.82) 
±1.06 
2.30 
3.08 
1998 
46.09 
(42.74) 
44.97 
(42.11) 
37.28 
(37.62) 
24.66 
(29.76) 
30.29 
(33.39) 
40.67 
(39.62) 
27.39 
(31.56) 
56.98 
(49.01) 
±0.69 
1.50 
2.15 
Mean 
47.41 
(43.49) 
48.00 
(43.85) 
39.95 
(39.19) 
27.17 
(31.37) 
33.36 
(35.26) 
42.81 
(40.85) 
28.69 
(32.38) 
60.18 
(50.91) 
±0.61 
1.33 
1.84 
Disease 
control 
( % ) 
21.16 
(27.31) 
20.19 
(26.67) 
33.58 
(35.41) 
54.77 
(47.74) 
44.49 
(41.84) 
28.78 
(32.42) 
52.33 
(46.32) 
-
0.76 
1.69 
2.66 
Pod y ie ld (t ha-1) 
1997 
0.95 
1.00 
1.31 
1.77 
1.52 
1.00 
0.84 
0.73 
±0.069 
0.150 
7.17 
1998 
1.27 
1.20 
1.57 
1.83 
1.76 
1.23 
0.94 
1.00 
±0.077 
0.168 
6.60 
Mean 
1.11 
1.10 
1.49 
1.80 
1.64 
1.12 
0.89 
0.86 
±0.041 
0.089 
3.82 
Pod y i e ld 
increase 
over control 
( % ) 
28.91 
28.15 
67.79 
109.30 
90.55 
29.94 
3.25 
-
±5.11 
11.38 
10.27 
Cost: 
benefit 
0.4 
0.3 
1.0 
1.5 
1.3 
0.6 
0.1 
-
1 . See t e x t f o r t r e a t m e n t de t a i l s a n d c a l c u l a t i o n o f disease c o n t r o l . 
2 . F i g u r e s i n parentheses are average a n g u l a r t r a n s f o r m e d va lue s . 
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(Tab le 1). The plots w h i c h were treated w i t h N P K + F Y M + 
f u n g i c i d e s h o w e d the least disease sever i ty f o l l o w e d by 
f u n g i c i d e a lone and N P K + fung ic ide . The t reatment N P K 
+ F Y M + f u n g i c i d e was super ior in r e d u c i n g the disease 
s e v e r i t y f o l l o w e d b y f u n g i c i d e a lone , N P K + fungic ide , 
and N P K + F Y M . These treatments also s h o w e d g o o d 
p e r f o r m a n c e in disease c o n t r o l ( % ) (Tab l e 1). T h i s t rend 
was observed in bo th years. No s igni f icant difference was 
obse rved in r e d u c i n g the disease sever i ty w h e n p lo t s 
w e r e t reated w i t h o n l y N P K o r F Y M . 
I t was obse rved that decrease in disease sever i ty i n -
creased p o d y i e l d . T h e p o o l e d data o f t w o years s h o w e d 
that the p o d y i e l d d i d no t d i f f e r s i g n i f i c a n t l y i n t reatments 
i n w h i c h N P K a n d F Y M were app l i ed separately. S i m i l a r 
resul t was also observed i n the p lo t s t reated w i t h F Y M + 
f u n g i c i d e . T h e t reatments N P K + F Y M + fung ic ide and 
N P K + f u n g i c i d e gave h i g h e r p o d y i e l d than others. T h e 
l owes t p o d y i e l d was observed in the test p lo t s treated 
w i t h fungicide alone fo l lowed b y F Y M and N P K applicat ion. 
B h a r a d w a j a n d S h y a m ( 1 9 9 3 ) r epor ted that app l i c a t i on o f 
su l fex i n c o m b i n a t i o n w i t h N P K resul ted i n r e d u c t i o n o f 
p o w d e r y m i l d e w o f pea and increase i n m a x i m u m p o d 
y i e l d . Sa lako ( 1 9 9 0 ) also s h o w e d that f u n g i c i d e m i x t u r e s 
such as t r i d e m o r p h + maneb or t r i d e m o r p h + b e n o m y l 
w e r e m o r e e f fec t ive i n c o n t r o l l i n g l e a f spots a n d rust o f 
g r o u n d n u t w i t h increased P a p p l i c a t i o n o f p lo t s (at least 
up to 18 kg ha - 1 ) . T h e cost :benefi t r a t io showed that a p p l i -
ca t ion o f N P K + F Y M + fungicide gave the m a x i m u m prof i t 
f o l l o w e d b y N P K + f u n g i c i d e and N P K + F Y M . T h u s 
app l i ca t ion o f N P K a t 15:35:15 k g h a - 1 i n c o m b i n a t i o n w i t h 
6 . 5 1 ha - 1 F Y M and 4 sprays o f D i t h a n e M - 4 5 a t 2 g L - 1 o f 
wa t e r was g o o d fo r c o n t r o l l i n g l e a f spots and increas ing 
p o d y i e l d o f g r o u n d n u t f o l l o w e d b y N P K + f u n g i c i d e and 
N P K + F Y M treatments. 
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Bio-efficacy of Carbendazim and 
Mancozeb-based Fungicide in Control of 
Early and Late Leaf Spots of Groundnut 
M S Joshi, P G Borkar , and A M Mandokhot (Department 
of Plant Pathology, Konkan Krishi Vidyapeeth, Dapol i 
415 712, Maharashtra, India) 
E a r l y and late l e a f spots o f g r o u n d n u t , caused b y 
Cercospora arachidicola and Phaeoisariopsis personata 
respectively are endemic diseases in bo th ra iny and summer 
c rop seasons under K o n k a n c o n d i t i o n s i n I n d i a . Besides 
causing quant i ta t ive losses, these diseases are responsible 
f o r r e d u c t i o n i n p r o t e i n content and o i l r e cove ry ( G u p t a e t 
a l . 1987) . So far, there i s no resistant or to le ran t v a r i e t y to 
these diseases w h i c h w i l l sui t a g r o c l i m a t i c c o n d i t i o n s o f 
the region. As a result, use of fungicides is the o n l y al ternative 
for effective management of these diseases. T h o u g h several 
fungicides are already r ecommended by d i f ferent w o r k e r s , 
i t i s necessary to test the e f f i cacy o f n e w fung ic ides 
against these l e a f spots. 
A n e w f u n g i c i d e c o n s t i t u t i n g c a r b e n d a z i m 1 2 % and 
m a n c o z e b 6 3 % has been d e v e l o p e d b y M / s U n i t e d 
Phosphorus L t d . , M u m b a i , I n d i a . T h i s f u n g i c i d e was 
tested a t three concent ra t ions ( 0 . 0 2 5 % , 0 . 0 5 % , and 0.1 %) 
w i t h the r e c o m m e n d e d concen t ra t ions o f c a r b e n d a z i m , 
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m a n c o z e b , and copper o x y c h l o r i d e ( T a b l e 1). F i e l d t r i a l s 
w e r e c o n d u c t e d d u r i n g 1996/97 r a i n y season and s u m m e r 
c rop season. The popular but susceptible groundnut cu l t iva r 
K o n k a n G a u r a v was s o w n i n r a n d o m i z e d b l o c k des ign i n 
three r e p l i c a t i o n s . S tandard a n d r e c o m m e n d e d package 
o f prac t ices f o r t i l l a g e , spac ing , m a n u r i n g , and i r r i g a t i o n 
w e r e f o l l o w e d . T h e f i r s t spray o f f u n g i c i d e was done 
w h e n the i n i t i a l s y m p t o m s o f the diseases appeared i n the 
p lo t s . T h i s was f o l l o w e d b y t w o m o r e sprays a t f o r t n i g h t l y 
in te rva l s . Disease in tens i ty was r ecorded on ten r a n d o m l y 
selected plants f rom each t rea tment a t w e e k l y in te rva l s by 
u s i n g 0 - 9 scale ( M a y e e and Da ta r 1986) and the average 
disease i n t e n s i t y ( % ) was ca l cu la t ed by the f o r m u l a used 
b y M c K i n n e y ( 1 9 2 3 ) . 
Disease i n t ens i ty was h i g h ( 5 5 . 6 6 % ) d u r i n g m o n s o o n 
c o m p a r e d t o the s u m m e r c r o p ( 2 7 . 6 3 % ) . T h i s m a y b e due 
t o p r o l o n g e d f avorab le c l i m a t e f o r disease d e v e l o p m e n t 
d u r i n g the r a i n y season. 
T h e c o m p a r i s o n o f p o o l e d means ind ica te that 
ca rbendaz im + mancozeb-based fung ic ide at a l l three c o n -
centra t ions , ca rbendaz im a t 0 . 1 % , and mancozeb a t 0 . 2 5 % 
were s ignif icant ly superior as compared to cont ro l . H o w e v e r , 
ca rbendaz im + mancozeb fung ic ide a t 0 . 1 % concen t ra t ion 
i s the m o s t e f fec t ive f u n g i c i d e a n d i t i s a t par w i t h 0 . 1 % 
carbendaz im a n d 0 . 2 5 % mancozeb . T h i s indicates that the 
f u n g i c i d e c o n t a i n i n g ca rbendaz im 1 2 % and m a n c o z e b 
6 3 % at 0.1 % is as effect ive as carbendazim 5 0 % at 0.1 % or 
m a n c o z e b 7 5 % a t 0 . 2 5 % i n c o n t r o l l i n g ea r ly a n d late l e a f 
spots o f g r o u n d n u t . 
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T a b l e 1 . In tens i ty o f e a r l y a n d late l e a f spots o f g r o u n d n u t in plots sprayed w i t h d i f f erent fungicides, a lone a n d in 
combinat ion d u r i n g 1996/97 . 
Fungicide treatment 
Carbendazim + mancozeb ( 1 2 % + 63%) 
Carbendazim + mancozeb ( 1 2 % + 63%) 
Carbendazim + mancozeb ( 1 2 % + 63%) 
Carbendazim (50%) 
Mancozeb (75%) 
Copper oxychloride (50%) 
Control (no fungicide spray) 
SE 
C D (5%) 
Concentration (%) 
0.025 
0.05 
0.1 
0.1 
0.25 
0.25 
-
Disease intensity1 (%) 
Rainy season crop 
47.78 
41.52 
26.27 
38.35 
31.39 
49.38 
55.66 
±2.484 
7.65 
Summer crop 
14.16 
15.00 
4.70 
7.80 
14.30 
18.13 
27.63 
±1.99 
6.16 
Mean 
30.97 
28.26 
15.49 
23.07 
22.84 
33.75 
41.64 
±2.90 
7.94 
1 . M e a n o f th ree r e p l i c a t i o n s . 
Induction of Phenols in Groundnut Rust 
Resistance 
A L Rathna Kumar and P Balasubramanian (Centre 
for Plant Breeding and Genetics, Tamil Nadu Agricultural 
Universi ty, Coimbatore 641 003, Tami l Nadu, India) 
Rust (Puccinia arachidis) is a serious disease of groundnut . 
I t causes severe y i e l d and h a u l m losses and af fects the 
seed q u a l i t y . F e w chemica l s have been repor ted to c o n -
t r o l the disease. H o w e v e r , e x p l o i t a t i o n o f host resistance 
w o u l d be an idea l approach in the con tex t o f subsistence 
f a r m i n g o f r es ou rce - l im i t ed sem i -a r i d t r op i ca l reg ions o f 
the w o r l d . Before fo rmula t ion of a suitable breeding strategy, 
u n d e r s t a n d i n g the bas ic m e c h a n i s m s associated w i t h 
res is tance becomes necessary. 
A great dea l o f w o r k has been done on the express ion 
and mechan i sms o f resistance a t the site o f i n f ec t i on o r 
u p o n c h a l l e n g i n g v i r u l e n t pa thogen on the host i n m a n y 
l e g u m i n o u s c rops ( D e v e r a l l and D a n n 1995) . I t i s ev iden t 
f r o m these studies that phenols and their ox ida t ion products 
are i m p l i c a t e d in disease resistance. The a n t i - m i c r o b i a l 
p roper t ies o f pheno l i cs are due t o r ap id a c c u m u l a t i o n o f 
t he i r o x i d i z e d p roduc ts i n v i t a l l oc i w i t h i n the ce l l w a l l , 
w h i c h i n t u rn b r ings about in ter fe rence i n the me tabo l i sm 
o f the host as w e l l as pa thogen ( K u c 1964) . H o w e v e r , 
studies pe r ta in ing to g roundnu t and rust are rather l i m i t e d . 
H e n c e , an e x p e r i m e n t was conduc ted on the i n d u c t i o n o f 
pheno ls ( to ta l and o r t h o - d i h y d r o x y pheno l s ) and the i r 
ox i da t i ve e n z y m e , p o l y p h e n o l ox idase , i n resistant a n d 
suscept ib le g r o u n d n u t cu l t i va rs f o l l o w i n g rust i n f e c t i o n . 
T h e mater ia ls c o m p r i s e d o f t w o w e l l adap ted , rus t 
susceptible cu l t i vars T M V 1 and V R I 2 , and t w o p r o v e n 
resistant donors , I C G 1697 ( N c A c 17090) and I C G 10053 
( P I 4 7 6 1 8 3 ) . T h e seeds w e r e s o w n in ear then pots f i l l ed 
w i t h ster i le so i l in a g lasshouse. 
Uredospores we re co l lec ted f r o m in fec ted p lants f r o m 
the f ie ld and i nocu la ted on 5 0 - d a y - o l d p lants as pe r the 
p rocedure o f S u b r a h m a n y a m e t a l . ( 1 9 9 5 ) . C o n t r o l p lan ts 
w e r e sprayed w i t h d i s t i l l ed water . E s t i m a t i o n o f pheno ls 
and assay of enzyme was carr ied out as per standard p roce-
dure (Rao et al . 1988) at 1 ,2 ,3 ,5 , and 7 days after inoculat ion 
( D A I ) . 
I t was observed that the to ta l pheno ls increased in 
response to i n fec t i on by the pa thogen w i t h i n a day a f te r 
i nocu la t i on in b o t h resistant and suscept ib le cu l t i va r s . 
The accumu la t ion of phenols was at faster rate in the resis-
tant cu l t i va rs than in the suscept ib le cu l t i va r s u n t i l 3 D A I 
(Table 1). Thereafter (5 D A I ) , a sudden decline in the contents 
o f pheno l was reco rded i n the resistant cu l t i va rs w h i l e i n 
the suscept ib le cu l t i va rs the dec l ine was g radua l . T h e 
decrease in pheno ls observed in resistant cu l t i va rs m a y 
be due to channel iza t ion o f phenols fo r l i g n i n b iosynthes is 
(Tay lo r and Z u c k e r 1966). 
Pat tern o f accumu la t i on o f o r t h o - d i h y d r o x y pheno ls 
indicated sudden spurt in the levels among resistant cu l t i vars 
w i t h i n a day af ter i nocu la t i on and pers is ted u n t i l 7 D A I . 
T a b l e 1. Changes in tota l phenols in response to inoculat ion w i t h Puccinia arachidis in g r o u n d n u t genotypes. 
Genotype 
Susceptible 
T M V 1 
V R I 2 
Resistant 
ICG 1697 
ICG 10053 
Treatment 
Heal thy 
Inoculated 
Heal thy 
Inoculated 
Healthy 
Inoculated 
Healthy 
Inoculated 
Days after inoculation1 
1 
240 fg 
278 de 
(15.8) 
220 gh 
268 ef 
(17.9) 
300 c 
446 a 
(48.7) 
286 cd 
404 ab 
(41.3) 
2 
310gh 
438 de 
(41.3) 
368 g 
570 c 
(38.6) 
435 ef 
720 a 
(65.5) 
440 d 
697 ab 
(58.4) 
3 
340 g 
484 de 
(42.3) 
342 gh 
480 ef 
(40.3) 
540 c 
880 a 
(63.0) 
498 cd 
764 b 
(53.4) 
5 
210gh 
322 e 
(34.8) 
228 g 
298 f 
(30.7) 
440 bc 
499 a 
(13.4) 
402 cd 
451 ab 
(12.2) 
7 
220 fg 
280 e 
(27.3) 
214 gh 
248 ef 
(15.9) 
420 a 
384 bc 
( -8 .6) 
390 ab 
341 cd 
( -12.6) 
1 . D a t a exp ressed as µg g - 1 f resh w e i g h t o f t issue. 
F i g u r e s f o l l o w e d by the same let ters are no t s i g n i f i c a n t l y d i f f e ren t (P = 0 .05 ) a c c o r d i n g to F i s h e r ' s least s i g n i f i c a n t d i f f e r e n c e test. 
F i g u r e s i n parentheses i nd i ca te increase/decrease (%) o v e r h e a l t h y . 
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T a b l e 3. Changes in polyphenol oxidase activi ty in groundnut leaves in response to inoculation wi th Puccinia arachidis. 
Genotype 
Susceptible 
T M V 1 
VRl 2 
Resistant 
ICG 1697 
ICG 10053 
Treatment 
Heal thy 
Inoculated 
Heal thy 
Inoculated 
Heal thy 
Inoculated 
Heal thy 
Inoculated 
Days after inoculat ion1 
1 
43 ef 
54 b 
(25.6) 
39 fg 
50 bc 
(28.2) 
49 cd 
80 a 
(63.3) 
47 de 
80 a 
(70.2) 
2 
39 e 
29 gh 
(-25.6) 
34 ef 
30 fg 
(-13.3) 
52 c 
88 a 
(69.2) 
49 cd 
86 ab 
(75.5) 
3 
36 de 
22 fg 
(-38.8) 
30 ef 
22 fg 
(-26.6) 
54 c 
9 6 a 
(77.7) 
52 cd 
92 ab 
(76.9) 
5 
33 e 
16 fg 
( -51.5) 
27 ef 
17 gh 
(-37.0) 
59 c 
109 ab 
(84.7) 
58 cd 
110a 
(89.7) 
7 
31 d 
12 fg 
(-61.3) 
25 de 
14 ef 
( -44.0) 
56 c 
102 a 
(82.1) 
56 c 
104 ab 
(85.7) 
1 . D a t a exp ressed a s o p t i c a l dens i t y ( O D ) ( u n i t s ) o f r e a c t i o n m i x t u r e a t 4 9 0 n m af ter 180s ; O D o f 0 .001 - 1 u n i t . 
F i g u r e s f o l l o w e d by t h e same le t ters are n o t s i g n i f i c a n t l y d i f f e r e n t (P = 0 .0S) a c c o r d i n g to F i s h e r ' s least s i g n i f i c a n t d i f f e r e n c e test. 
F i g u r e s i n parentheses i nd i ca te increase/decrease (%) o v e r h e a l t h y . 
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T a b l e 2. Changes in o r t h o - d i h y d r o x y phenols in g r o u n d n u t leaves in response to inoculat ion w i t h Puccinia arachidis. 
Genotype 
Susceptible 
T M V 1 
V R I 2 
Resistant 
ICG 1697 
ICG 10053 
Treatment 
Heal thy 
Inoculated 
Heal thy 
Inoculated 
Healthy 
Inoculated 
Heal thy 
Inoculated 
Days after inoculation1 
1 
50 gh 
74 cd 
(48.0) 
60 fg 
88 c 
(46.7) 
65 de 
109 a 
(67.7) 
62 ef 
103 ab 
(66.1) 
2 
53 gh 
79 d 
(49.1) 
64 fg 
98 c 
(53.1) 
78 de 
137 a 
(75.6) 
72 ef 
122 b 
(69.4) 
3 
60 gh 
99 cd 
(65.0) 
67 g 
106 c 
(58.2) 
83 e 
150 a 
(80.7) 
80 ef 
144 ab 
(80.0) 
5 
58 gh 
86 de 
(48.2) 
6 4 g 
96 c 
(56.0) 
90 cd 
168 a 
(86.6) 
84 ef 
156 ab 
(85.7) 
7 
53 gh 
72 ef 
(35.8) 
60 fg 
79 e 
(31.7) 
98 c 
190 a 
(93.9) 
89 d 
170 ab 
(91.0) 
1. D a t a expressed as µg g - 1 f resh w e i g h t o f t issue. 
F i g u r e s f o l l o w e d by the same let ters are no t s i g n i f i c a n t l y d i f f e r e n t (P = 0 .05) a c c o r d i n g to F i she r ' s least s i g n i f i c a n t d i f f e rence test. 
F igu res i n parentheses i nd i ca te increase (%) o v e r h e a l t h y . 
On the con t r a ry , i n suscept ible cu l t iva r s , a l t hough the 
leve ls o f o r t h o - d i h y d r o x y phenols were i n i t i a l l y h i g h i t 
r educed p rogress ive ly f rom 5 D A I (Tab le 2 ) . I t i s repor ted 
tha t o r t h o - d i h y d r o x y phenols are h i g h l y f u n g i t o x i c and 
accumula t e r a p i d l y i n resistant cu l t i va r s f o l l o w i n g infec-
t i o n by the pa thogen ( B h a t i a e t a l . 1972) as observed in 
the present s tudy. 
A c t i v i t y o f p o l y p h e n o l oxidase (PPO) was h igher i n the 
infected leaves of resistant cult ivars throughout the g r o w t h 
p e r i o d than in the suscept ible cu l t i va r s , w h i c h recorded a 
dec l ine i n the e n z y m e a c t i v i t y w i t h i n 2 D A I (Tab l e 3 ) . 
Kosuge (1969) reported that phenols are oxidized to quinones 
by PPO and there exists d i r ec t co r r e l a t i on be tween the 
a c c u m u l a t i o n o f phenols and the a c t i v i t y o f PPO. T h i s 
supports the present s tudy. 
Based on the above studies i t is c lear that phenols are 
i n d u c e d f o l l o w i n g rus t i n f e c t i o n and p l a y a m a j o r r o l e 
i n g r o u n d n u t rus t res is tance . Such a n i n d u c t i o n m a y b e 
a g e n e r a l defense response or a p h y t o a l e x i n per se. 
I n t e r e s t i n g l y , i t was observed that suscept ible cu l t iva r s 
had shorter incuba t ion pe r iod , greater in fec t ion f requency, 
and les ion d iamete r than the resistant cu l t iva r s (data no t 
p r o v i d e d ) . Hence , i t i s p robab le that i n d u c t i o n o f phenols 
m a y be m o r e of a p h y t o a l e x i n response than the e l i c i t a t ion 
o f general defense. Fur ther studies shou ld focus on iden-
t i f i c a t i o n o f specific phenol ic compound(s ) associated 
w i t h phy toa l ex in ac t iv i ty and understanding mechanism(s ) 
o f i n d u c t i o n . 
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Characterization of Isolates of 
Trichoderma for Biocontrol Potential 
Against Aspergillus flavus Infection in 
Groundnut 
S Desai1, R P Thakur 2 , V P Rao2, and V Anjaiah 2 
( 1 . National Research Centre for Groundnut (NRCG), 
Ivnagar Road, PB No. 5, Junagadh 362 001, Gujarat, India; 
2. International Crops Research institute for the Semi-
A r i d Tropics ( ICRISAT) , Patancheru 502 324, Andhra 
Pradesh, India) 
G r o u n d n u t s are infected in the f i e l d , d u r i n g process ing , 
and in storage by Aspergillus f lavus r e s u l t i n g in a c c u m u -
l a t i on o f a f la tox ins i n the seeds, thus r ende r ing t h e m u n f i t 
fo r c o n s u m p t i o n and trade. A f l a t o x i n s have been r epo r t ed 
to be immunosuppre s s ive , ca rc inogen ic , and te re togenic 
i n nature. I n the absence o f acceptable levels o f host p l an t 
resistance, use of b i o c o n t r o l agents c o u l d be a p r o m i s i n g 
a l te rna t ive fo r the management o f a f l a t o x i n c o n t a m i n a -
t i o n . Trichoderma spp are w e l l k n o w n for the i r b i o c o n t r o l 
a b i l i t y , espec ia l ly against so i lborne p lan t pa thogens , a n d 
these have several modes of ac t ion . A sys temat ic charac-
te r i za t ion and ca ta log ing o f isolates for d i f fe ren t modes o f 
b i o c o n t r o l ab i l i t y w i l l he lp i n d e p l o y m e n t o f a b i o c o n t r o l 
agent f o r e f f e c t i v e l y m a n a g i n g p l a n t p a t h o g e n s . Pre-
l i m i n a r y observat ions have i nd i ca t ed that some isolates 
of Trichoderma are e f fec t ive against A. f lavus. We repor t 
the in v i t ro antagonistic characteristics of some Trichoderma 
isolates against A. flavus. 
A t o t a l o f 26 Trichoderma i so la tes , b e l o n g i n g to 
f i v e species aggregates, viride, hamatum, harzianum, 
auroviride, and longibrachiatum, ob ta ined from di f ferent 
sources were used in the s tudy ( T a b l e 1). T h e A. f lavus 
isolate Af 11-4, w h i c h i s a h i g h l y aggressive seed co lon ize r 
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a n d i s t o x i g e n i c w a s used as the test p a t h o g e n . T h e 
Trichoderma isolates w e r e charac te r i zed f o r g r o w t h in 
b r o t h c u l t u r e , a n t a g o n i s m i n dua l cu l t u re , p r o d u c t i o n o f 
v o l a t i l e a n d n o n - v o l a t i l e substances tha t are i n h i b i t o r y to 
A. f lavus, a n d to le rance to c o m m o n l y used seed dress ing 
f ung i c i des ( ca rbendaz im and t h i r a m ) . 
A l l Trichoderma isolates we re g r o w n on potato dextrose 
b r o t h f o r seven days at 28 ± 1°C w i t h a 12-h p h o t o p e r i o d . 
A f t e r the harves t , d r y w e i g h t o f m y c e l i u m o f the va r i ous 
isolates w a s reco rded . T h e isolates d i f f e r e d s i g n i f i c a n t l y 
i n thei r g row th . M a x i m u m myce l ia l d ry we igh t was produced 
by T. viride - N A R D I ( 3 6 6 m g ) , f o l l o w e d by T. harzianum 
- A P D R C 19 (353 m g ) , a n d the least g r o w t h w a s reco rded 
f o r T hamatum - T 0 4 9 (75 m g ) ( T a b l e 1). T h i s charac ter 
w o u l d b e use fu l f o r mass m u l t i p l i c a t i o n o f the f u n g u s f o r 
use i n p r o d u c t f o r m u l a t i o n . 
T h e a b i l i t y o f Trichoderma isolates to suppress the 
g r o w t h o f A . f l a vus was tested i n v i t r o by d u a l - c u l t u r e 
m e t h o d ( D e a c o n 1976) and the i r e f fec t iveness was scored 
on a numer ical scale (Be l l et a l . 1982) w i t h sl ight modi f ica t ions 
as: 1 = Trichoderma o v e r g r o w i n g the c o l o n y of A.flavus; 
2 = Trichoderma cover ing 2/3 r d of the plate and progress ing 
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T a b l e 1. In v i t ro growth of 26 isolates of Trichoderma spp as mycelial d r y weight and influence of non-volatiles produced 
by Trichoderma isolates on g r o w t h of Aspergillus flavus. 
Trichoderma species 
T. viride 
T. viride 
T. hamatum 
T. hamatum 
T. hamatum 
T. harzianum 
T, harzianum 
T. harzianum 
T. harzianum 
T. harzianum 
T. harzianum 
T. harzianum 
T. harzianum 
T. longibrachiatum 
T. viride 
T. auroviride 
T. harzianum 
T. viride 
T. harzianum 
T. viride 
T. harzianum 
T. harzianum 
T. viride 
Trichoderma sp 
T. viride 
Trichoderma sp 
A. flavus (control) 
SEm 
L S D (P = 0.05) 
Ident i ty 
T071 
T219 
T049 
T166 
354 
043 
126 
127 
144 
250 
295 
390 
391 
TL-3 
T V 4 
T A - 2 
T H - 1 
A P D R C 3 
A P D R C 4 
A P D R C 12 
A P D R C 19 
O P T N A B 
Bca6 
M P H 
N A R D I 
Ananthapur 
Source1 
N R C G , India 
N R C G , India 
N R C G , India 
Dornach, Switzerland 
Giessen, Germany 
N R C G , India 
N R C G , India 
N R C G , India 
N R C G , India 
N R C G , India 
N R C G , India 
A T C C , USA 
A T C C , USA 
R A U , India 
R A U , India 
R A U , India 
R A U , India 
P K V , India 
P K V , India 
P K V , India 
P K V , India 
Phi l ippines 
ICRISAT , India 
ICR ISAT , India 
N A R D I , India 
ICR ISAT , India 
Myce l ia l dry weight2 
(mg) 
191 
229 
75 
230 
253 
261 
155 
167 
226 
182 
220 
277 
167 
152 
177 
197 
284 
255 
246 
279 
353 
172 
238 
314 
366 
312 
-
±21.08 
59.9 
Colony diameter3 
(mm) 
22 
20 
19 
21 
22 
17 
17 
22 
18 
24 
19 
22 
17 
18 
21 
21 
27 
21 
22 
22 
18 
23 
23 
19 
17 
20 
85 
±13.3 
38.4 
1 . N R C G - N a t i o n a l Research Cen t re f o r G r o u n d n u t , J u n a g a d h , G u j a r a t , I n d i a ; A T C C - A m e r i c a n T y p e C u l t u r e C o l l e c t i o n , M a r y l a n d , 
U S A ; R A U = Ra jas than A g r i c u l t u r a l U n i v e r s i t y , C o l l e g e o f A g r i c u l t u r e , U d a i p u r , R a j a s t h a n , I n d i a ; P K V = D r Pan jab rao D e s h m u k h 
K r i s h i V i d y a p e e t h , A k o l a , M a h a r s h t r a , I n d i a ; I C R I S A T = I n t e r n a t i o n a l C r o p s Research I ns t i t u t e f o r the S e m i - A r i d T r o p i c s , 
P a t a n c h e r u , A n d h r a Pradesh , I n d i a ; N A R D I - N a g a r j u n a A g r i c u l t u r a l Research and D e v e l o p m e n t I n s t i t u t e , H y d e r a b a d , A n d h r a P radesh , 
I n d i a . 
2 . M y c e l i a l g r o w t h f r o m 7 - d a y - o l d c u l t u r e i n p o t a t o dex t rose b r o t h a t 2 8 ± 1 ° C ; m e a n o f th ree r e p l i c a t i o n s . 
3 . C o l o n y d i a m e t e r o f A . f l a v u s ( A f 11-4) r e c o r d e d 1 0 days a f ter i n c u b a t i o n a t 2 8 ± 1 ° C ; m e a n o f th ree r e p l i c a t i o n s . 
t o w a r d s A. flavus; and 3 = Trichoderma a n d A. flavus 
m e e t i n g a t h a l f w a y o f the pe t r i d i s h and p r o d u c i n g i n h i b i -
t i o n zone. Seven isolates were fast g r o w i n g and were ra ted 
1, 16 isolates w e r e ra ted 2, and three isolates p roduced 
i n h i b i t i o n zone w i t h A . f lavus and were ra ted 3 . 
T o test the a b i l i t y o f these isolates f o r the p r o d u c t i o n 
o f v o l a t i l e and n o n - v o l a t i l e chemica l s that are i n h i b i t o r y 
to A . f l avus the m e t h o d o f D e n n i s and Webs te r (1971a , 
1971b) was f o l l o w e d . W h i l e assessing the p r o d u c t i o n o f 
vo l a t i l e s , c o l o n y diameters of Trichoderma and A . f lavus 
w e r e r eco rded d a i l y , fo r seven days. N o n e o f the isolates 
o f Trichoderma i n h i b i t e d the g r o w t h o f A . f l a v u s b y p r o -
d u c t i o n o f vo l a t i l e s . W h i l e assessing the p r o d u c t i o n o f 
non-vola t i le chemicals, i n i t i a l ly , there was very s low g r o w t h 
of A . f lavus . E v e n after 10 days of i ncuba t ion , a m a x i m u m 
o f o n l y 2 7 m m c o l o n y d iamete r o f A . f l a v u s was r ecorded 
w i t h T . harzianum - T H - 1 as c o m p a r e d w i t h 85 mm in the 
c o n t r o l (Tab le 1 ) i n d i c a t i n g the p r o d u c t i o n o f non -vo la t i l e 
chemicals i n h i b i t o r y to A. f lavus g r o w t h by a l l Trichoderma 
i sola tes . 
A l l 26 Trichoderma isolates were tested for their tolerance 
to c o m m o n seed dressing fungicides, th i ram and carbendazim 
( B a v i s t i n ® ) f o l l o w i n g p o i s o n e d f o o d technique . Potato 
dext rose agar was amended w i t h ei ther ca rbendaz im a t 
0 . 0 0 5 , 0 . 0 5 , 1 , 2 , and 10 µg mL - 1 or th i r am at 100, 200 , 500, 
1000, and 1500 µg m L - 1 . A l l isolates w e r e sensi t ive to the 
fungicides at a l l concentrations ind ica t ing that these isolates 
w e r e no t c o m p a t i b l e w i t h the fungic ides , and thus cannot 
be used in combina t ion w i t h these seed dressing fungicides. 
S e n s i t i v i t y of Trichoderma isolates to ca rbendaz im has 
been reported by Desai and Schlosser (1993) . Iden t i f ica t ion 
o f Trichoderma isolates w i t h p r o v e n b i o c o n t r o l a b i l i t y 
and tolerance to seed dressing fungicides w o u l d be desirable 
to u t i l i z e t h e m to c o n t r o l A . f lavus in fes ta t ion . Selected 
Trichoderma isolates from this s tudy are b e i n g used in 
greenhouse and field experiments to evaluate their b i o c o n t r o l 
p o t e n t i a l against a f l a t o x i n c o n t a m i n a t i o n i n g r o u n d n u t . 
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Mycotoxins from Groundnuts M a r k e t e d 
in Yemen 
Saleha Al-Nahdi (Sana'a University, Republic of 
Yemen. Present address: W o r l d Bank Office, Sana'a, PO 
Box 18152, Republic of Yemen) 
O n e o f the mos t serious aspects o f the i n v a s i o n o f g r a i n 
by some fungi i s the p roduc t ion of tox ic secondary metabo-
lites k n o w n as myco tox ins . M a n y agr icu l tura l c o m m o d i t i e s 
and the i r p roduc t s i n c l u d i n g feed have been s h o w n to be 
c o n t a m i n a t e d b y t h e m . M y c o t o x i n s are h i g h l y t o x i c t o 
humans and livestock. Different fungi produce different types 
of m y c o t o x i n s , e.g., Aspergillus flavus and A. parasiticus 
produce a f l a t o x i n , and A. ochraceous and Penicillium 
viridicatum p roduce o c h r a t o x i n . G r o u n d n u t s are mos t 
suscept ible to the f u n g i that p roduce a f l a t o x i n . 
Su rveys f r o m severa l coun t r i e s have r e p o r t e d c o n -
s iderable c o n t a m i n a t i o n o f g r o u n d n u t seeds, g r o u n d n u t 
cake , and i ts feed w i t h a f l a t o x i n , o c h r a t o x i n , c i t r i n i n e , 
zearalenone, t r ichothecens , T -2 t o x i n s , d e o x y n i v a l e n o l 
( D O N ) , n i v a l e n o l , d i ace toxysc i rpheno l , and p e n i c i l l i c 
ac id . M o s t o f these studies were conduc t ed i n the areas 
o f outbreaks o f mycotox icoses i n f a rm an imals o r humans , 
w h i l e o ther representat ive samples s tud ied had o b v i o u s 
m o l d damage ( B h a t 1989). M y c o t o x i n c o n t a m i n a t i o n i n 
groundnut can occur in the f i e ld d u r i n g pre-harvest, harvest, 
and d u r i n g postharvest h a n d l i n g ( N a h d i 1997) . I n m a n y 
countries, they are able to cont ro l the entry of contamina ted 
g r o u n d n u t i n f o o d cha in b y f o l l o w i n g s t r ic t r e g u l a t o r y 
programs. The m a x i m u m permissible l im i t of these myco tox ins 
varies from 0 to 100 µg kg - 1 d epend ing on the c o u n t r y a n d 
f o o d s t u f f and also whe the r the c o m m o d i t y i s fo r h u m a n or 
a n i m a l consumpt ion . M o s t o f the g r o u n d n u t fo r l oca l c o n -
s u m p t i o n in Y e m e n i s i m p o r t e d . U n f o r t u n a t e l y , there are 
no regulatory mechanisms established in Y e m e n to prevent 
the en t ry o f con tamina t ed g r o u n d n u t i n f o o d cha in . T h e 
quarantine laboratories in the coun t ry are nei ther equ ipped 
n o r have t ra ined s t a f f t o under take m y c o t o x i n analysis . 
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Tab le 1 . Contamina t ion of groundnut by fungi and mycotoxins in Yemen 1 . 
Region 
Sana'a 
W S M (I) 
China 
India 
Sudan 
W S M (L ) 
Storage (I) 
China 
India 
Sudan 
Storage (L ) 
Consumer level ( l ) 
China 
India 
Sudan 
Consumer level ( L ) 
Aden 
W S M (1) 
China 
India 
Sudan 
W S M (L ) 
Storage ( I ) 
China 
India 
Sudan 
Storage (L ) 
Consumer level ( I ) 
China 
India 
Sudan 
Consumer level ( L ) 
Hodida 
W S M (I ) 
China 
India 
Sudan 
W S M ( L ) 
Storage ( I ) 
China 
India 
Sudan 
Storage (L ) 
Consumer level ( I ) 
China 
India 
Sudan 
Consumer level ( L ) 
Seed infection (%) 
AF 
17 
9 
3 
9 
4 
11 
3 
4 
0 
6 
7 
1 
27 
1 
8 
9 
9 
2 
6 
12 
10 
1 
8 
0 
41 
11 
21 
10 
6 
15 
4 
2 
24 
16 
17 
13 
AS 
4 
9 
1 
4 
1 
0 
1 
3 
0 
0 
0 
3 
4 
0 
0 
2 
2 
3 
11 
6 
2 
7 
3 
2 
0 
0 
2 
1 
2 
2 
0 
0 
2 
3 
8 
0 
F 
2 
0 
1 
0 
14 
1 
10 
2 
3 
0 
7 
1 
2 
6 
0 
3 
1 
19 
0 
4 
1 
1 
3 
21 
2 
4 
2 
1 
3 
5 
16 
7 
13 
2 
12 
4 
P 
3 
0 
2 
3 
4 
1 
4 
2 
20 
0 
5 
0 
8 
4 
0 
4 
1 
2 
0 
9 
1 
0 
0 
7 
9 
2 
5 
1 
3 
0 
0 
3 
2 
1 
3 
3 
UF 
2 
0 
2 
1 
11 
9 
6 
3 
7 
14 
7 
23 
9 
11 
1 
0 
5 
5 
3 
3 
9 
0 
1 
2 
8 
4 
2 
2 
3 
11 
9 
6 
5 
4 
5 
8 
Total 
28 
18 
9 
17 
34 
22 
24 
14 
30 
20 
26 
28 
50 
22 
9 
18 
18 
31 
20 
34 
23 
9 
15 
32 
60 
21 
32 
15 
17 
33 
29 
18 
46 
26 
45 
28 
Myco tox in level (µg kg -1) 
A T 
40 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
140 
0 
10 
+ 
0 
0 
0 
60 
60 
0 
20 
0 
160 
20 
20 
40 
0 
20 
0 
0 
40 
40 
160 
0 
T-2 
0 
0 
0 
0 
140 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
20 
0 
0 
0 
0 
-
0 
0 
+ 
0 
40 
0 
0 
0 
D O N 
0 
0 
0 
0 
0 
0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
20 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+ 
0 
0 
0 
0 
20 
0 
1 AF - Aspergillus flavus; AS - Aspergillus spp; F = Fusarium spp; P = Penicillium spp; UF = Unidentified fungi; AT - Aflatoxin; T-2 
= T-2 toxin; DON = Deoxynivalenol or vomitoxin; WSM = Wholesale market; I = Imported groundnut; L = Local groundnut; + = Trace. 
60 IAN 20, 2000 
T h e f i r s t systemat ic s tudy to est imate m y c o t o x i n c o n t a m i 
n a t i o n i n g ra ins i n Y e m e n was under taken i n 1997 ( N a h d i 
1997) . I t s h o w e d that m y c o t o x i n c o n t a m i n a t i o n o f g ra ins 
w a s a w i d e s p r e a d p r o b l e m in the c o u n t r y . 
T h e m a i n ob jec t i ve o f th i s s tudy was t o conduc t sys-
tema t i c su rvey o f i m p o r t e d and l oca l g r o u n d n u t f o r f u n g i 
that p roduce myco tox i ns , and fo r m y c o t o x i n contaminat ion 
i n three m a j o r c i t ies i n Y e m e n . 
Sample collection 
Samples we re co l l ec ted d u r i n g J a n u a r y - F e b r u a r y 1998 
f r o m (1) the wholesale markets (shops), (2) storage (wholesale 
g o d o w n s ) , and ( 3 ) re ta i l shops a t consumers ' l eve l i n 
A d e n , H o d i d a , and Sana 'a (Tab le 1). T h e f o r m e r t w o are 
the m a j o r seaports o f the c o u n t r y . G r o u n d n u t i s t raded 
m o s t l y i n the f o r m o f seeds i n Y e m e n . A b o u t 8 0 % o f the 
samples w e r e seeds and the r e m a i n i n g w e r e pods . 
Samples w e r e co l l ec ted u s i n g s tandard s a m p l i n g tech-
n iques . In the who lesa le m a r k e t and storage, the area a t 
each site was d i v i d e d a rb i t r a r i l y in to three rep l i ca t ions . In 
each r e p l i c a t i o n , a sample o f seeds or pods was co l lec ted 
f rom bags at d i f f e ren t leve ls , and they we re m i x e d to get a 
2 - k g representat ive sample f o r each rep l i ca t i on . In the 
case o f c o n s u m e r s ' l eve l , a 2 - k g representat ive sample 
was co l l ec ted f rom d i f f e ren t bags at re ta i l shops. 
Sample analysis 
Visua l examina t ion . Samples were exam ined v i sua l l y fo r 
ex te rna l damage ( b o t h phys i ca l and b i o l o g i c a l ) , presence 
o f f o r e i g n ma te r i a l and insects, and i m m a t u r e , sh r i ve led , 
and unhea l thy seeds. T h e y were scored f o r v i sua l d iso r -
de r /damage a s f o l l o w s : l o w 0 - 5 % , modera te 5 - 7 % , h i g h 
7 - 1 0 % , and v e r y h i g h > 1 0 % seeds s h o w i n g va r ious types 
o f damage. 
F u n g a l c o n t a m i n a t i o n . The f u n g a l c o n t a m i n a t i o n o f 
seeds was estimated using agar plate technique. One hundred 
m a t u r e seeds f r o m each sample we re selected and sur face 
s te r i l i zed w i t h 1 0 % C h l o r o x ® ( 5 . 2 5 % s o d i u m h y p o c h l o -
r i t e ) . A f t e r three r inses w i t h ster i le d i s t i l l ed water , the 
seeds w e r e p la ted asept ica l l y on po ta to dext rose s t repto-
m y c i n agar m e d i u m i n 9 - c m d iamete r pe t r i d ishes. A f t e r 
i n c u b a t i o n f o r 5 - 7 days a t 2 5 ° C , the n u m b e r o f seeds 
c o l o n i z e d b y f u n g i was reco rded and the f u n g i i d e n t i f i e d . 
Mycotoxin estimation. Enzyme- l inked immunosorbent assay 
( E L I S A ) k i t s w e r e p r o c u r e d f r o m N e o g e n C o r p o r a t i o n , 
U S A a n d l C R l S A T , Ind ia . T h e I C R 1 S A T m e t h o d was used 
fo r af latoxins ( D e v i e t aL 1999), and fo r T -2 and D O N tox ins 
the k i t s supp l i ed by N e o g e n w e r e used. T h e p o s i t i v e 
samples o f a f l a tox ins we re also tested b y t h i n layer c h r o -
ma tog raphy ( T L C ) m e t h o d (Pons e t a l . 1966) . 
Results and discussion 
T h e m a j o r i t y o f samples ( 5 8 % ) s h o w e d v i sua l d i so rde r 
w i t h 3 0 % o f the samples exceed ing the m a x i m u m pe rm is -
s ib le l i m i t ( 1 0 % ) . O f the to ta l samples w i t h m y c o t o x i n 
c o n t a m i n a t i o n , 4 4 % were i m p o r t e d and 1 4 % were f r o m 
Y e m e n . O f those samples w h i c h exceeded pe rm iss ib le 
m y c o t o x i n con tam ina t i on l i m i t , 2 4 % w e r e i m p o r t e d ( 1 1 % 
f r o m Sudan , 8 % f r o m C h i n a , and 5 % f r o m Ind ia ) and 6 % 
were f r o m Y e m e n . Insects w e r e f o u n d i n 1 6 % o f the 
samples. Insects no t o n l y con tamina te the seeds and its 
p r o d u c t s by t he i r exc re t i ons b u t a lso spread o the r i n f e c -
t ions as they m o v e f rom in fes ted seeds to hea l thy seeds 
w i t h spores o f f u n g i adher ing t o the i r b o d y and m o u t h -
par ts . 
A l l samples reco rded f u n g a l c o n t a m i n a t i o n . T h e c o n -
t a m i n a t i o n l eve l ranged f r o m 9 % t o 6 0 % ( T a b l e 1). T h e 
average i n f e c t i o n leve l was h ighest i n samples f rom 
H o d i d a ( 3 0 . 8 % ) , f o l l o w e d b y A d e n ( 2 3 . 4 % ) a n d Sana 'a 
( 2 2 . 5 % ) . H o d i d a and A d e n are the m a i n seaports i n the 
count ry hav ing h i gh relat ive hum id i t y , conduc ive fo r funga l 
g r o w t h . Samples f r o m C h i n a s h o w e d a h i g h l e v e l o f c o n -
taminat ion ( 1 7 - 6 0 % ) , f o l l o w e d b y samples f r o m Sudan ( 9 -
4 5 % ) , Y e m e n ( 1 4 - 3 4 % ) , and Ind ia ( 9 - 3 3 % ) . 
M a n y f u n g i (A. flavus, A. versicolor, Fusarium spp , 
and Pencillium spp, and o ther u n i d e n t i f i e d species) w e r e 
i so la ted f r o m the samples . These f u n g i u n d e r su i t ab le 
e n v i r o n m e n t a l cond i t i ons (such as seed m o i s t u r e con ten t 
> 1 2 % , temperature > 2 7 ° C , and re la t ive h u m i d i t y 7 0 - 8 0 % ) 
can p roduce m y c o t o x i n s . M o s t o f the m y c o t o x i n s are p r o -
duced be fo re the f u n g i can be v i s u a l l y de tec ted. T h e 
d o m i n a n t f u n g a l species was A. flavus, w h i c h i n fec ted 
3 7 . 4 % o f the samples, f o l l o w e d b y o ther f u n g i ( 2 1 . 8 % 
samp les i n f e c t e d ) a n d Fusarium spp ( 1 8 . 9 % s a m p l e s 
in fec ted) . 
Myco tox ins were detected in 5 2 % of the samples co l lected 
in the coun t r y . The leve l ranged f rom < 1 0 ug kg - 1 to as 
h i g h as 160 µg kg - 1 (Tab le 1). M y c o t o x i n s we re detected in 
2 5 % o f the samples f r o m Sana 'a . A l l the samples w e r e 
impo r t ed ( 1 6 % f r o m C h i n a and 9 % f r o m Sudan) . I n A d e n , 
5 8 % o f the samples w e r e c o n t a m i n a t e d b y m y c o t o x i n s . 
A m o n g these, 4 1 % were i m p o r t e d ( 1 7 % each f r o m C h i n a 
and Sudan and 7% f rom Ind ia) and 1 7 % were o f local o r i g in . 
M y c o t o x i n s were detected i n 6 7 % o f the samples co l lec ted 
f r o m Hod ida . O f these, 5 8 % o f the samples were impo r t ed . 
Samples f rom a l l the three countr ies ( 2 5 % samples o f I nd ia 
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and 1 7 % each o f Sudan and C h i n a ) were pos i t i ve fo r 
m y c o t o x i n s . 
M y c o t o x i n s are v e r y stable i n nature . B o i l i n g and 
roas t ing do no t des t roy t h e m , i f t hey are present i n seeds. 
G r o u n d n u t s i n Y e m e n are c o n s u m e d i n va r ious fo rms : 
roasted nuts f o r ex t r ac t i on o f o i l a n d g r o u n d n u t cake a s 
an ima l feed. In ru ra l areas, where o i l i s extracted f o l l o w i n g 
the t rad i t iona l me thod , m y c o t o x i n s are present in unref ined 
o i l . Because o f seed c o n t a m i n a t i o n and presence o f t o x i n s 
in g r o u n d n u t cake, w h i c h i s used as a n i m a l feed, a f l a tox -
ins can enter i n t o h u m a n f o o d c h a i n . C o n s u m p t i o n o f 
a f l a t o x i n - c o n t a m i n a t e d f o o d i s suspected to be one o f the 
reasons for increas ing inc idence o f l i v e r cancer i n Y e m e n . 
I t i s v e r y i m p o r t a n t that necessary h u m a n resource and 
inf ras t ruc ture f ac i l i t i e s are d e v e l o p e d in the c o u n t r y to 
screen fo r m y c o t o x i n - c o n t a m i n a t i o n o f g roundnu t s i n 
foods and feeds. 
A c k n o w l e d g m e n t . T h a n k s are due to D r s S N N i g a m and 
D V R Reddy, I C R I S A T , India for r e v i e w i n g the manuscr ipt 
and t o the W o r l d Hea l th Organ iza t ion ( W H O ) for f inanc ia l 
suppor t . 
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E n t o m o l o g y 
Survey of Groundnut Leaf M i n e r and its 
Natura l Enemies in T a m i l Nadu, India 
C Muthiah and A Abdul Kareem (Coconut Research 
Station, Veppankulam 614 906, Thanjavur District, Tamil 
Nadu, India) 
T h e g r o u n d n u t l e a f m i n e r Aproaerema modicella is one 
of the most impor tan t and w i d e l y dis t r ibuted fol iage feeders 
o f g r o u n d n u t c r o p i n A s i a . I t affects the g r o w t h and y i e l d 
o f the plants , especia l ly i n r a in f ed g roundnu t . L o g i s w a r a n 
and M o h a n a s u n d a r a m ( 1 9 8 5 ) r epor ted p o d y i e l d losses o f 
> 5 0 % due t o l ea f miner . 
In the present s tudy, a survey was conduc t ed in s ix 
m a j o r r a in fed g r o u n d n u t - g r o w i n g dis t r ic ts o f T a m i l N a d u 
i n I n d i a , v i z . , V i l l u p u r a m , T i r u v a n n a m a l a i , Chenga lpe t , 
Erode, Salem, and D h a r m a p u r i . The survey was conduc ted 
du r ing 1996 ra iny season (khar i f ) at 4 0 - 6 0 days after s o w i n g 
to assess the extent o f l e a f m i n e r inc idence , damage , and 
its natural enemies. The survey was conduc ted in 7 b l o c k s 
in each district . The incidence was assessed on 10 r a n d o m l y 
selected plants and mean larvae p l a n t - 1 was ca lcu la ted . In 
each loca t ion 20 larvae were e x a m i n e d to w o r k ou t the 
percent paras i t i sm. The 9 5 % conf idence in t e rva l fo r mean 
and coe f f i c i en t o f v a r i a t i o n ( % ) were ca lcu la ted fo r the 
mean larvae p l an t 1 , leaflet damage ( % ) , and parasi t ism ( % ) . 
T h e paras i t ized larvae w e r e co l l ec t ed , obse rved f o r the 
emergence o f natural enemies, and iden t i f ied . S i m i l a r l y the 
eggs o f l e a f m i n e r were also co l l ec t ed and observed fo r 
the emergence o f na tura l enemies . 
T h e survey results s h o w e d that the occur rence o f the 
pest and its parasitoids was m a x i m u m in D h a r m a p u r i d is t r ic t 
( T a b l e 1) w i t h mean percent leaf le t damage of 90 .1 ± 5.0. 
The mean larvae p l a n t - 1 was 11.3 ± 2.7 w h i l e the mean percent 
paras i t i sm was 2 8 . 1 ± 5 . 0 . T h e percentage o f pa ras i t i sm 
was m o r e w h e n the a v a i l a b i l i t y o f host larvae was m o r e . 
S i m i l a r resul ts w e r e r epor ted ear l ier by Shekharappa a n d 
P a t i l ( 1 9 9 0 ) . T h e m a x i m u m o f 1 0 0 % leaf le t damage a n d 
17.0 larvae p l a n t - 1 was observed i n A t h a n o o r v i l l a g e o f 
I n d o o r b l o c k i n D h a r m a p u r i d is t r ic t . T h i s was f o l l o w e d b y 
T h i r u v a n n a m a l a i d i s t r i c t w h i c h r eco rded a m e a n leaf le t 
damage of 64 .5±8 .0 and mean larvae p l a n t - 1 o f 3.8 ± 1.5. T h e 
leaflet damage and l a r v a l p o p u l a t i o n es t ima ted ear l i e r 
w e r e 2 0 - 5 5 % (Jai R a o a n d S indag i 1974) a n d 0 . 0 8 - 0 . 8 
l a rva p l a n t 1 r e spec t ive ly ( K h a n a n d Raodeo 1987) . 
T h e s tudy also revea led that the la rvae of A. modicella 
were parasitized by 11 species of hymenopterous parasitoids 
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( T a b l e 2 ) . These i n c l u d e d three b racon ids , Chelonus sp, 
Avga chaospes, a n d Apanteles sp ; t w o e u l o p h i d s , 
Stenomesius japonicus a n d Tetrastichus sp ; one 
i c h n e u m o n i d , Temelucha sp; one e u r y t o m i d , Eurytoma 
sp, one p te romal id , Pteromalus sp; one eupe lmid , Eupelums 
sp; one b e t h y l i d , Goniozus indicus', and one cha lc id larva l 
paras i te , Brachymeria wittei. T h e eggs of A. modicella 
w e r e paras i t i zed by an egg paras i to id Trichogramma sp. 
S h a n o w e r e t a l . ( 1 9 9 3 ) repor ted n ine p r i m a r y and seven 
secondary paras i to ids as respons ib le t o reduce 5 0 % o f 
the lea f m i n e r larvae in one genera t ion . A m o n g the 12 
paras i to ids i d e n t i f i e d the a c t i v i t y o f the p u p a l pa ras i t o i d 
Chelonus sp was m a x i m u m (26.0%) f o l l o w e d by parasitoids 
B wittei (20.0%), and G indicus (16.7%). Y a d a v e t a l . ( 1 9 8 7 ) 
ear l ier repor ted that paras i t i sm by Apanteles sp was 1.02 
to 27 .27%, Goniozus sp was 0.54 to 50 .0%, and Stenomesius 
sp was 0.2 to 7 9 . 1 6 % a t A n a n d , Gu ja ra t , I n d i a . F r o m o u r 
s tudy i t i s ev iden t that the g r o u n d n u t l e a f m i n e r damage 
ranged f r o m 11 .0% t o 9 0 . 1 % i n m a j o r g r o u n d n u t - g r o w i n g 
d is t r ic ts o f T a m i l N a d u . The paras i to id c o m p l e x o f l ea f 
m ine r inc lude 10 larva l paras i to ids , one p u p a l pa ras i t o id , 
and one egg paras i to id , w h i c h are ac t ive in the g r o u n d -
n u t - g r o w i n g areas o f T a m i l N a d u . T h e ro le o f paras i to ids 
needs to be cons idered w h i l e m a k i n g dec is ions on p lan t 
p r o t e c t i o n . 
References 
Ja i R a o , K., and Sindagi , S.S. 1974. Screening of var iet ies 
f o r resistance to g r o u n d n u t l ea fm ine r Stomopteryx 
subsecivella Z e l l . ( Lep idop te ra : Ge lech i i dae ) . M y s o r e 
Journa l o f A g r i c u l t u r a l Science 8 : 1 3 3 - 1 3 7 . 
K h a n , M L , and Raodeo, A . K . 1987. Seasonal incidence o f 
groundnut leafminer A. modicella (Lepidoptera: Gelech i idae) . 
Panjabrao K r i s h i V idyapee th Research Journa l 1 1 : 9 3 - 9 6 . 
Logiswaran, G . , and M o h a n a s u n d a r a m , M. 1985. Studies 
on the re la t ionsh ip be tween l i gh t t rap catches and f ie ld 
inc idence of g r o u n d n u t l e a f m i n e r A modicella. M a d r a s 
Ag r i cu l t u ra l Journal 7 2 : 6 2 9 - 3 2 . 
S h a n o w e r , T . G . , W i g h t m a n J .A . , and G u t i e r r e z , A . P . 
1993. B i o l o g y and c o n t r o l o f the g r o u n d n u t l ea fm ine r 
Aproaerema modicella ( L e p i d o p t e r a : Ge lech i i dae ) . C r o p 
Protect ion 12 :3 -10 . 
Shekharappa, S., and Pat i l , B.V. 1990. Parasi toid comp lex 
of the g r o u n d n u t l ea fm ine r . Aproaerema modicella 
(Dev.). Journal o f B i o l o g i c a l Con t ro l 4 : 5 0 - 5 6 . 
Y a d a v , D .V . , P a t e l , R R , and P a t e l , R C . 1987. N a t u r a l 
enemies o f the g r o u n d n u t l e a f m i n e r Aproaerema 
modicella (Devcnter) and t he i r impac t on i ts i n fes ta t i on in 
A n a n d . Gu ja ra t A g r i c u l t u r a l U n i v e r s i t y Research Jou rna l 
13:3-16. 
I A N 20, 2000 63 
T a b l e 2. N a t u r a l enemies of Aproaerema modicella 
Deventer ident i f ied in g r o u n d n u t - g r o w i n g regions of 
T a m i l N a d u , India. 
Family 
Braconidae 
Eulophidae 
Ichneumonidae 
Eurytomidae 
Pteromalidae 
Eupelmidae 
Bethyl idae 
Chalcididae 
Trichogramrnatidae 
Parasitoid 
Chelonus sp 
Avga chaospes Nixon 
Apanteles sp 
Stenomesius japonicus 
Ashmead. 
Tetrastichus sp 
Temelucha sp 
Eurytoma sp 
Pteromalus sp 
Eupelmus sp 
Goniozus indicus 
Ashmead. 
Brachymeria wittei 
Schmitz. 
Trichogrammasp 
Parasitism 
(%) 
26.0 
1.3 
1.3 
4.0 
2.7 
3.7 
5.3 
4.3 
1.3 
16.7 
20.0 
10.3 
T a b l e 1 . Occur rence o f leaf m i n e r in m a j o r g roundnut -
g r o w i n g distr icts o f T a m i l N a d u , I n d i a , r a i n y season 
1996 . 
Dist r ic t 
Thiruvannamalai 
Dharmapuri 
Erode 
Salem 
Chengalpet 
Vi l lupuram 
Mean 
leaflet damage 
(%) 
64.5 ± 8.0 
90.1 ± 5.0 
11.0 ± 2.9 
16.2 ± 0.4 
45.8 ± 9.6 
54.9 ± 7.9 
Mean 
number of 
larvae plant-1 
3.8 ± 1.5 
11.3 ± 2.7 
0.8 ± 0.3 
0.8 ± 0.4 
3.5 ± 0.8 
3.8 ± 1.0 
Mean 
parasiti ism 
(%) 
18.0 ± 9.3 
28.1 ± 5.0 
1.3 ± 1.6 
3.3 ± 3.1 
11.7 ± 2.1 
13.0 ± 4.5 
Groundnut Leaf M i n e r Aproaerema 
modicella: A New Pest in Eastern 
Districts of Uganda 
W W Page1, G Epieru2 , F M Kimmins1 , C Busolo-
Bulafu2 , and P W Nalyongo2 (1. Natural Resources 
Institute, Chatham, Kent M E 4 4TB, U K ; 2. Serere A g r i -
cultural and Animal Production Research Institute 
( S A A R I ) , PO Box, Soroti, Uganda) 
In the Teso f a r m i n g system o f eastern Uganda , g roundnu t 
is g r o w n as a ma jo r f o o d and cash c rop . Recent needs 
assessment exercises and soc ioeconomic surveys f rom 
th is r e g i o n have i nd i ca t ed that the m a j o r pest/disease 
cons t ra in t o f g r o u n d n u t i s g r o u n d n u t rosette disease 
caused by groundnut rosette virus ( G R V ) w h i c h is transmitted 
by the a p h i d vector , Aphis craccivora Koch. Research on 
the d e p l o y m e n t o f v i r u s and vec to r resistant var ie t ies has 
been in progress since 1998 by the Serere A g r i c u l t u r a l and 
A n i m a l Product ion Research Inst i tute ( S A A R I ) , Uganda i n 
co l l abo ra t ion w i t h the N a t u r a l Resources Ins t i tu te ( N R I ) , 
U K and I C R I S A T , M a l a w i . D u r i n g these studies, a n e w 
pest, a g r o u n d n u t l e a f m i n e r , has been observed to cause 
s i g n i f i c a n t damage to g roundnu t s and farmers in the re-
g i o n have r epo r t ed tha t i t can resul t in severe c rop loss. 
T h i s shor t r epor t describes w h a t i s k n o w n so far about 
the n e w pest in the Teso sys tem. 
Specimens o f the l e a f m i n e r co l l ec ted i n So ro t i D i s t r i c t 
o f Uganda d u r i n g September 1998 were recent ly ident i f ied 
b y the B r i t i s h M u s e u m ( N a t u r a l H i s t o r y ) , a s b e i n g 
Aproaerema modicella Deventcr (Lepidoptera: Ge lech i idae ) . 
T h i s species has o n l y been repor ted to date in South and 
Southeast A s i a and is regarded as the mos t serious pest 
o f g r o u n d n u t i n I n d i a ( A m i n 1983, Shanower e t a l . 1993). 
As far a s we can ascertain th i s i s the f i r s t r eco rd o f th i s 
species in A f r i c a a l t h o u g h there have been recent repor ts 
o f the pest appear ing i n M a l a w i i n A p r i l 2 0 0 0 ( J M Lenne , 
I C R I S A T , personal communica t ion) . Therefore in fo rmat ion 
o n the appearance and p e r c e i v e d inc idence o f the l e a f 
m i n e r in the area f r o m loca l farmers , a g r i c u l t u r a l of f icers , 
and scientists was col lected to ascertain its first appearance 
and r e l a t i ve i m p o r t a n c e i n the r e g i o n . 
L e a f m i n e r damage was f i r s t seen and repor ted i n K u m i 
Di s t r i c t ( F i g . 1 ) i n the f irst p l an t ing season o f 1997 ( M a r c h -
J u l y ) a n d w a s also r e p o r t e d la ter d u r i n g the second sea-
son (Sep tember 1997-Janua ry 1998) . I t i s uncer ta in ye t 
h o w widespread the first outbreaks were but none were re-
c o r d e d in o ther dis t r ic ts . E v e r y b o d y quest ioned in a l l the 
d is t r ic t s v i s i t e d agree that the l e a f m i n e r was never seen 
before th i s date. An e x a m p l e i s a fa rmer in So ro t i D i s t r i c t , 
M r Obad ia O k i r i n g , w h o was a n en tomolog i s t fo r 3 0 years 
a t S A A R I a n d had n o t seen the l e a f m i n e r s before . I n the 
f i r s t and second seasons o f 1998 there w e r e la rge o u t -
breaks o f l e a f m i n e r s caus ing cons iderable damage a n d 
there was an increased use of insecticides (p redominan t ly 
dimethoate) in an attempt to reduce the p r o b l e m . The sprays 
w e r e p r e v i o u s l y used t o c o n t r o l the a p h i d vec to r o f G R V 
or c o t t o n pests. M a n y farmers h a d c o m p l e t e c r o p losses 
due to m i n e r damage d u r i n g this pe r iod . In 1998 l e a f m i n e r 
was r epor ted f r o m K u m i and S o r o t i D i s t r i c t s ( f u l l ex ten t 
n o t k n o w n ye t ) and i n the southeastern par t o f K a t a k w i 
D i s t r i c t (4 subcounties bu t no t elsewhere) and the nor the rn 
part o f Pallisa Dis t r ic t , bo th of the latter areas be ing adjacent 
t o K u m i D i s t r i c t ( F i g . 1). There were cal ls f r o m farmers t o 
f i n d o ther w a y s o f c o n t r o l l i n g the pest such a s b r e e d i n g 
fo r resistance. I so la ted occurrences o f l e a f m i n e r damage 
were repor ted in b o t h seasons in the above dis t r ic ts d u r i n g 
1999 a l t h o u g h the o v e r a l l d i s t r i b u t i o n i s n o t k n o w n . I n 
some cases the damage to f ie lds was severe ( W . W . Page, 
N R I , persona l o b s e r v a t i o n ) . M b a l e D i s t r i c t A g r i c u l t u r a l 
O f f i c e h a d n o t c o m e across the g r o u n d n u t l e a f m i n e r 
a l t h o u g h some s u b c o u n t i e s h a v e h i g h g r o u n d n u t 
p r o d u c t i o n . 
Surveys t o co l l ec t g r o u n d n u t l e a f m i n e r i n K u m i and 
S o r o t i D i s t r i c t s d u r i n g the f i r s t g r o w i n g season o f 2 0 0 0 
( M a y ) showed a l o w incidence o f larvae. Th i s was p robab ly 
because the oldest groundnut f ields were on ly j u s t f lowering 
due to late p l an t i ng in m i d - t o late A p r i l . T h i s w o u l d be too 
early to f i n d large numbers o f l ea f mine r s a s h i g h numbers 
are n o r m a l l y seen after f l o w e r i n g and w h e n pegg ing has be-
g u n . Farmers have also r epor t ed that adu l t p o p u l a t i o n s 
b u i l d up after a p r o l o n g e d d r y spel l d u r i n g the g r o w i n g 
season. B e t w e e n M a y and Ju ly , i sola ted occurrences o f 
l ea f mine r have been reported f rom K a t a k w i and K u m i D i s -
t r ic t s and large numbers o f m o t h s have been caught in a 
p h e r o m o n e trap at S A A R I al though there have been no seri-
ous outbreaks of the pest in the area. 
T h e status o f th i s pest i s unce r t a in i n o ther d i s t r i c t s i n 
U g a n d a ( i . e . , T o r o r o , B u s i a , Iganga D i s t r i c t s and fur ther 
westwards) . B u t experience o f g r o w i n g g r o u n d n u t i n these 
o ther areas suggests that the pest m a y n o t be present a n d 
ce r t a in ly has no t been r eco rded as caus ing p r o b l e m s . 
T h e sudden appearance o f g r o u n d n u t l e a f m i n e r i n the 
eastern d is t r ic t s o f U g a n d a poses a n u m b e r o f ques t ions : 
(1) Have groundnut l ea f miners been present in l o w numbers 
w i t h i n U g a n d a a n d changes i n f a r m i n g prac t ices o r 
weather encouraged these recent outbreaks or is the sudden 
appearance due to acc iden ta l i n t r o d u c t i o n ? ( 2 ) W i l l the 
l e a f m i n e r be able to m a i n t a i n number s to r e m a i n a pest? 
( 3 ) T h e k n o w l e d g e gathered s o far o n the d i s t r i b u t i o n o f 
the pest suggests tha t i t m a y be conf ined a t present to a 
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pa r t i cu la r area (suggested in F i g . 1). Is th is cor rect? I t is 
therefore important to ident i fy more precisely the distr ibut ion 
using pheromone traps (Ranga Rao et al. 1993, Cork and H a l l 
1998), v isual surveys, and farmer/agr icul tural o f f ice surveys 
b o t h w i t h i n the k n o w n area as w e l l as e lsewhere in 
U g a n d a . O n c e these answers have been estab l ished i t 
m a y be possible to ident i fy whether this pest has the po ten-
t i a l to spread e lsewhere and whe the r i t can be control led or 
eradicated in order to stop further spread. 
O n e o f the impo r t an t features o f i n t r o d u c i n g G R V and 
vec to r resistant var ie t ies o f g r o u n d n u t in to the Teso 
f a r m i n g system was to release farmers f rom the cost ly and 
labor inc reas ing w o r k o f sp ray ing w i t h insect ic ides t o k i l l 
the aph id vectors (o f t en f o u r sprays in a season). T h e 
appearance of the lea f m i n e r in the area n o w produces a 
new const ra in t w h i c h , a t present, can o n l y be c o n t r o l l e d 
by i n d i v i d u a l fa rmers us ing insect ic ides. M a n y subsis-
tence farmers in th is f a r m i n g system are unab le to a f f o r d 
these chemica ls and there fore the emergence o f th is pest 
m a y become an impor tan t fac to r i n the sus ta inab i l i t y o f 
g roundnu t p roduc t i on f o r sma l l ho l de r p roducers in the 
Teso sys tem. 
We w o u l d be g ra te fu l f o r any repor ts o f g roundnu t lea f 
miner (A. modicella) being ident i f ied ind iv idua l l y or causing 
damage in A f r i c a so that the status o f th i s pest can be 
de termined. 
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Figure 1. Map of Uganda showing the districts where information on groundnut leaf miner was gathered and an 
approximation of its range based on current knowledge. 
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Occurrence o f Groundnut L e a f M i n e r in 
Northern M a l a w i 
P Subrahmanyam1, A J Chiyembekeza1, and G V Ranga 
Rao 2 (1. Internat ional Crops Research Institute for the 
Semi-Ar id Tropics ( I C R I S A T ) , PO B o x 1096, L i longwe, 
M a l a w i ; 2 . I C R I S A T , Patancheru 502324 , Andhra 
Pradesh, India) 
A n o u t b r e a k o f l e a f m i n e r ( A p r o a e r e m a modicella 
Deventer) (Lepidoptera: Gelechiidae) on groundnut (Arachis 
hypogaea) was not iced in Karonga Agr i cu l t u r a l Deve lopment 
D i v i s i o n ( A D D ) i n n o r t h e r n M a l a w i i n A p r i l 2 0 0 0 . L e a f 
m i n e r in fes t a t ion was o b s e r v e d i n a l l 1 7 f a rmer s ' f i e lds 
s u r v e y e d i n K a s o w a , B a k a , I p y a n a , a n d L u p e m b e areas; 
h o w e v e r , the pest was v e r y severe a n d des t ruc t ive ( > 5 
m i n e s per leaflet) o n l y i n K a s o w a area. A f f e c t e d g roundnu t 
f i e ld s s h o w e d a b u r n t appearance f r o m a dis tance due to 
sh r ive l ing a n d desiccation o f leaves ( F i g . 1). M i l d infestat ion 
w a s a l so obse rved on p igeonpea (Cajanus cajan) g r o w n 
a s m i x e d c r o p i n g r o u n d n u t f i e l d s . L e a f m i n e r was n o t 
o b s e r v e d on o the r l egumes such a s c o m m o n bean 
(Phaseolus vulgaris), b a m b a r a g r o u n d n u t ( V i g n a 
subterranea), a n d c o w p e a (Vigna mguiculata). I n fes t ed 
g r o u n d n u t p l a n t samples w e r e c o l l e c t e d f r o m fa rmer s ' 
f i e ld s i n K a s o w a a n d b r o u g h t t o the l a b o r a t o r y f o r i nves -
t i g a t i o n . 
E x a m i n a t i o n o f in fes ted leaves r evea l ed t h e presence 
o f s ing le s h i n y w h i t e eggs ( 0 . 5 - 0 . 7 m m l o n g ) o n the l o w e r 
s ide o f the leaflets a n d o n pe t io les . D u r i n g the e a r l y 
stages o f infestat ion, s m a l l b l i s t e r - l ike mines w e r e observed 
o n the uppe r surface o f the leaflets near the m i d r i b d u e t o 
f eed ing o f m e s o p h y l l be tween upper a n d l o w e r ep ide rmi s . 
W h e n the m i n e s w e r e s p l i t opened , m i n u t e y e l l o w i s h -
green la rvae w i t h b l a c k head, u s u a l l y one l a r v a pe r m i n e , 
w e r e seen ins ide . A s the f eed ing advanced , the size o f the 
m i n e s increased a n d the leaflets became deep b r o w n , 
r o l l e d , a n d d r i e d u p p r e m a t u r e l y ( F i g . 2 ) . W e b b i n g o f the 
leaflets was seen i n advanced stages o f in fes t a t ion , b u t 
was n o t v e r y severe. M a t u r e d la rvae w e r e 5 - 7 m m l o n g 
a n d pupa t ed w i t h i n the w e b b e d leaflets . M o t h s w e r e 
g r a y i s h and s m a l l ( 7 - 9 m m l o n g ) . 
I n K a r o n g a A D D , groundnuts are cu l t iva ted b o t h d u r i n g 
the r a i n y season ( f r o m January t o A p r i l , u n d e r r a i n f e d 
c o n d i t i o n s ) a n d d u r i n g the o f f - s ea son [ ( f r o m June t o 
O c t o b e r / N o v e m b e r , o n r e s idua l m o i s t u r e after l o w l a n d 
r i ce (Oryza sativa), supplemented by occas ional showers ] 
p r edominan t l y a long the S o n g w e r i v e r b o r d e r i n g Tanzania , 
the K y u n g u R i v e r V a l l e y , and Kasantha V a l l e y . T h e shor t -
durat ion Spanish type M a l i m b a ( loca l ly k n o w n as K a s a w a y a ) 
i s the m o s t p r e d o m i n a n t g r o u n d n u t v a r i e t y g r o w n i n b o t h 
c r o p seasons. T h e p rac t i ce o f c o n t i n u o u s c u l t i v a t i o n o f 
g r o u n d n u t has been i m p l i c a t e d t o c o n t r i b u t e t o s u r v i v a l 
a n d pe rpe tua t ion o f diseases such a s rus t ( P u c c i n i a 
arachidis) a n d rosette ( C h i y e m b e k e z a a n d S u b r a h m a n y a m 
1995) . D u r i n g the su rveys c o n d u c t e d i n K a r o n g a A D D i n 
the off-season o f 1993 ( b y S u b r a h m a n y a m and Ny i r enda ) 
and in the ra iny season o f 1994 ( C h i y e m b e k e z a and 
S u b r a h m a n y a m 1995) and i n o ther parts o f the c o u n t r y i n 
1986/87 ( W i g h t m a n a n d W i g h t m a n 1994) , a n u m b e r o f 
a r th ropod so i l pests i n c l u d i n g w h i t e grubs (scarabeid larvae, 
p redominant ly Schizonycha spp and Anomala spp), termites 
(species of Ancistrotermes, Hodotermes, Odontotermes, 
Macrotermes, Microtermes, a n d Pseudoacanthotermes), 
w i r e w o r m s (e la te r ids ) , false w i r e w o r m s ( t e n e b r i o n i d s ) , 
d o r y l i n e ants ( D o r y l u s sp) , Hilda patruelis ( H o m o p t e r a : 
T e t t i g o m e t r i d a e ) a n d m e a l y bugs ( H o m o p t e r a : 
Pseudococc idae) , a n d f o l i a g e feeders such as aph ids 
{Aphis craccivora), j ass ids ( c i c a d e l l i d ) , Spodoptera 
( p r o b a b l y littoralis), w e e v i l s (especially Systoles sp), and 
flea beetles have been recorded . S o i l pests are m o r e ser ious 
a n d e c o n o m i c a l l y i m p o r t a n t t h a n f o l i a g e feeders i n 
M a l a w i ( W i g h t m a n a n d W i g h t m a n , 1994) . I t appears tha t 
there i s n o pub l i shed record o f the occurrence o f g roundnu t 
l e a f m i n e r i n M a l a w i . T h e pract ice o f cont inuous c u l t i v a t i o n 
o f g roundnu t i n K a r o n g a A D D m a y b e a c o n t r i b u t i n g factor 
f o r the ou tb reak o f l e a f m i n e r i n these areas o f M a l a w i . 
Fur the r studies are r e q u i r e d to d e t e r m i n e the seasonal 
occurrence, d is t r ibut ion, host range, y i e l d losses, and b i o l o g y 
o f g r o u n d n u t l e a f m i n e r . 
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Figure 1. Extensive damage to groundnut foliage due to leaf 
miner infestation. 
G r o u n d n u t l e a f m i n e r has v e r y l i m i t e d host range i n 
legumes. Soybean (Glycine max), groundnut, and p igeonpea 
are the mos t p re fe r red hosts. G r o u n d n u t l e a f m i n e r has 
been reported in several countries in A s i a (China , Indonesia, 
K a m p u c h e a , L a o s , M a l a y s i a , M y a n m a r , Pak is tan , the 
P h i l i p p i n e s , S r i L a n k a , T h a i l a n d , a n d V i e t n a m ) . I t i s a n 
i m p o r t a n t pest i n eastern and sou thern A s i a ( W i g h t m a n 
and Ranga Rao 1994). In recent years, leaf miner was observed 
to cause considerable damage to groundnut crop in U g a n d a 
(P.J .A. van der M e r w e and J . M . Lenne , I C R I S A T , personal 
communicat ion) . However , we are not aware of any publ ished 
repor t o f the occurrence o f g roundnu t l ea f m i n e r i n M a l a w i 
and o ther parts o f A f r i c a . G r o u n d n u t l e a f m i n e r i s be l i eved 
to be a p o o r m i g r a t o r y pest and s h o u l d be reduced from 
the p r i m a r y foc i of infestation. I t w o u l d be useful to establish 
p h e r o m o n e traps a t a l l locat ions where i t had been no t i ced . 
A u t h o r s (PS and G V R R ) w o u l d appreciate r e c e i v i n g 
i n f o r m a t i o n f rom scientists on the occurrence o f g roundnu t 
l e a f m i n e r i n o ther parts o f A f r i c a . 
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southern A f r i c a . A g r i c u l t u r e , Ecosystems and E n v i r o n m e n t 
51 :311-331 . 
Figure 2. Mining of groundnut leaf surface due to leaf 
miner infestation. 
Screening of Promising Groundnut 
Genotypes for their Reaction to 
Spodoptera litura 
P K Dharne and S K Patel (Oilseeds Research Station, 
Jalgaon 425 001 , Maharashtra, India) 
G r o u n d n u t i s an i m p o r t a n t o i l seed c rop , o c c u p y i n g abou t 
8 m i l l i o n h a w h i c h i s abou t 4 6 % o f area under o i l seed i n 
Ind i a . Y i e l d o f g r o u n d n u t i n I n d i a i s ve ry l o w c o m p a r e d t o 
that in C h i n a and U S A . Several reasons c o u l d be ascr ibed 
t o its l o w p r o d u c t i v i t y o f w h i c h tobacco ca te rp i l l a r 
(Spodoptera litura) has become a l i m i t i n g factor and reduces 
the y i e l d t o some extent ( A m i n 1988) . H e n c e , an a t t empt 
has been made to de t e rmine the mos t stable sources o f 
tolerance in groundnut . Screening techniques for g roundnu t 
germplasm against foliage pests are available ( V i k r a m S ingh 
1979, W i g h t m a n e t a l . 1987) . M a h a d e v a n e t a l . ( 1 9 8 8 ) 
r epor ted that the v a r i e t y 1CGS 50 is resistant against a 
f o l i a g e pest. T h e m o s t p r o m i s i n g ent r ies h a v i n g h i g h 
degree of to lerance were i d e n t i f i e d as stable sources 
against some noxious pests. Con t ro l is a imed to be ach ieved 
t h r o u g h the d e v e l o p m e n t o f to lerance against the m a j o r 
pests o f g r o u n d n u t . 
F i e l d e x p e r i m e n t s w e r e c o n d u c t e d a t t he O i l s e e d s 
Research S ta t ion , Ja lgaon, Maharash t ra , I n d i a d u r i n g 
1995 to 1997 in the ra iny season (kha r i f ) . S o w i n g of entries 
was under taken i n 5 -m r o w s w i t h i n t e r r o w spac ing o f 3 0 
c m and plant spacing o f 1 0 c m i n r a n d o m i z e d b l o c k des ign 
w i t h t w o rep l ica t ions . T h e observa t ions were recorded o n 
fo l iage eaten by the larvae on ten r a n d o m l y selected 
p lants . T h e percent damage r a t i n g was scored v i s u a l l y 
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and conve r t ed i n to arcs in va lues. In the present inves t i -
ga t i on e f fo r ts have been made to evaluate the compara t i ve 
p e r f o r m a n c e o f g r o u n d n u t geno types f o r t he i r reac t ion t o 
Spodoptera larvae in the f ield. 
Observat ions on Spodoptera defo l iat ion on 32 genotypes 
revea led f o l i age damage o f 5 - 3 0 % (Tab le 1). H o w e v e r , 
the entries, v iz . , I C G V s 86156, 86400, 86528, 87128, 8 7 1 4 1 , 
8 7 2 9 0 , 8 7 4 1 1 , and 91214 recorded lowest lea f damage ( 5 % ) 
whereas I C G V s 86393, 86402, 86513, 86699, 87453, 90228, 
91166, 91168, 91180, 91183, 91187, 91200, and 91205 showed 
< 1 0 % lea f damage. I n genera l , a l l the geno types tested 
showed less de fo l i a t i on d u r i n g f l o w e r i n g to pegg ing stage 
by the ear ly instar la rvae w h i c h c o u l d be due to the h a r d 
and r o u g h leaves o f the geno types . 
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T a b l e 1. Screening of promis ing groundnut genotypes for the i r react ion to Spodoptera litura in Ja lgaon , M a h a r a s h t r a , 
I n d i a d u r i n g r a i n y season in 1 9 9 5 - 9 7 . 
Genotype 
ICGV 86031 
ICGV 86156 
ICGV 86162 
I C G V 86393 
ICGV 86402 
ICGV 86400 
I C G V 86434 
ICGV 86472 
I C G V 86503 
ICGV 86513 
I C G V 86528 
ICGV 86699 
ICGV 87128 
ICGV 87141 
I C G V 87290 
ICGV 87411 
I C G V 87453 
ICGV 88145 
ICGV 90228 
ICGV 91166 
ICGV 91168 
ICGV 91178 
I C G V 91180 
ICGV 91183 
I C G V 91185 
I C G V 91186 
ICGV 91187 
I C G V 91190 
I C G V 91200 
I C G V 91205 
I C G V 9 1 2 1 4 
ICG 2 2 1 2 
Mean 
SE 
C D (5%) 
C V (%) 
Foliage damage (%) 
1991 
10 
5 
15 
10 
10 
5 
20 
15 
10 
10 
5 
5 
5 
5 
5 
5 
5 
20 
15 
5 
10 
10 
10 
10 
10 
10 
10 
10 
5 
5 
5 
25 
1996 
30 
5 
30 
5 
5 
5 
30 
10 
20 
5 
5 
10 
5 
5 
5 
5 
15 
20 
5 
10 
5 
20 
10 
5 
15 
15 
15 
20 
10 
15 
5 
30 
1997 
10 
5 
25 
5 
5 
5 
20 
10 
15 
5 
5 
5 
5 
5 
5 
5 
10 
25 
5 
10 
5 
5 
5 
5 
10 
10 
5 
5 
5 
10 
5 
30 
Mean 
16.7 
5 
23.3 
6.7 
6.7 
5 
23.3 
11.7 
15 
6.7 
5 
6.7 
5 
5 
5 
5 
10 
21.7 
8.3 
8.3 
6.7 
11.7 
8.3 
6.7 
11.7 
11.7 
10 
11.7 
6.7 
10 
5 
28.3 
Aresin transformed values1 
18.44 
12.92 
22.79 
18.44 
18.44 
12.92 
26.56 
22.79 
18.44 
18.44 
12.92 
12.92 
12.92 
12.92 
12.92 
12.92 
12.92 
26.56 
22.76 
12.92 
18.44 
18.44 
18.44 
18.44 
18.44 
18.44 
18.44 
18.44 
12.92 
12.92 
12.92 
30 
1996 
33.21 
12.92 
33.21 
12.92 
12.92 
33.21 
18.44 
26.56 
12.92 
12.92 
18.44 
12.92 
12.92 
12.92 
12.92 
22.79 
26.56 
12.92 
18.44 
12.92 
26.56 
18.44 
18.44 
12.92 
22.79 
22.79 
22.79 
26.56 
18.44 
22.79 
12.92 
33.21 
1997 
18.44 
12.92 
30 
12.92 
12.92 
12.92 
26.56 
18.44 
22.79 
12.92 
12.92 
12.92 
12.92 
12.92 
12.92 
12.92 
18.44 
30 
12.92 
18.44 
12.92 
12.92 
12.92 
12.92 
18.44 
18.44 
12.92 
12.92 
12.92 
18.44 
12.92 
33.21 
Mean 
23.36 de 
12.92 a 
28.67 e 
14.76 ab 
14.76 ab 
12.92 a 
28.78 e 
19.89 bcd 
22.60 de 
14.76 ab 
12.92 a 
14.76 ab 
12.92 a 
12.92 a 
12.92 a 
12.92 a 
18.05 abcd 
27.71e 
16.21 abc 
16.60 abc 
14.76 ab 
19.30 bcd 
16.60 abc 
14.76 ab 
19.89 bcd 
19.89 bcd 
18.05 abcd 
19.30 abcd 
14.76 ab 
18.05 abcd 
12.92 a 
32.14 f 
17.87 
±2 
5.78 
19.45 
1 . T h e percen tages we re t r a n s f o r m e d i n t o a rcs in va lues . 
F i gu res w i t h same let ters are n o t s i g n i f i c a n t l y d i f f e r e n t a t P - 0 . 0 5 % . 
2 . S u s c e p t i b l e check . 
1995 
Fur the r de ta i led studies are needed to de te rm ine types 
o f resistance exh ib i ted by the cu l t i var and the larval feed ing 
b e h a v i o r and d e v e l o p m e n t . T h e p r o m i s i n g entr ies shou ld 
be cons ide red in fu tu re b reed ing p rog rams to s t rengthen 
fu tu re p lan t p ro tec t i on p rog rams . 
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Biochemical Basis of Resistance in 
Groundnut Against Leaf M i n e r 
T Senguttuvan and K Sujatha (National Pulses 
Research Centre, Tami l Nadu Agricultural University, 
Vamban 622 303, Pudukkottai. Tami l Nadu, India) 
The g roundnut leaf m iner Aproaerema modicella Deventer 
i s the mos t impo r tan t fo l i age feed ing pest o f g r o u n d n u t in 
I nd i a , espec ia l l y in southern states. I t is a ser ious pest of 
g r o u n d n u t and soybean in South and Southeast A s i a 
( W i g h t m a n et al. 1990) . I t reduces g r o u n d n u t y ie lds by 
f e e d i n g on leaf le ts . M o r e than 5 0 % p o d y i e l d loss due t o 
l ea f m i n e r was repor ted f r o m T a m i l N a d u , I n d i a 
( L o g i s w a r a n and Mohanasunda ram 1985). C o n t r o l o f l ea f 
m i n e r m u c h re l ied u p o n the use o f insect ic ides, w h i c h 
leads to var ious deleter ious effects. Thus, use of b i o c o n t r o l 
agents and res is tant var ie t ies f o r c o n t r o l o f the pest i s 
i nev i tab le . Resistance to l ea f m i n e r in g roundnu t has been 
repo r ted f r o m I C R I S A T , Patancheru , I nd ia i n severa l 
genotypes ( I C R I S A T 1986). One var ie ty I C G V 86031 has 
shown good tolerance to leaf miner. Visalakshi (1997) reported 
that bo th m o r p h o l o g i c a l and ana tom ica l characters are 
the c o n t r i b u t o r y factors f o r resistance in the geno types 
I C G V 86031 and I C G V 87160 . H o w e v e r , the b i o c h e m i c a l 
basis o f resistance in g r o u n d n u t to the lea f m i n e r i s no t 
k n o w n . Thus, this study was conducted to assess the d i f f e r -
ent ia l a m o u n t o f b i o c h e m i c a l const i tuents i n g r o u n d n u t 
g e n o t y p e s . 
A to ta l o f 41 g r o u n d n u t genotypes i n c l u d i n g 24 g e n o -
types f r o m I C R I S A T , 16 h i g h - y i e l d i n g entr ies deve loped 
at the N a t i o n a l Pulses Research Centre ( N P R C ) , V a m b a n , 
T a m i l N a d u , and the suscept ib le loca l check TM V 7 w e r e 
screened under f i e ld cond i t i ons against l ea f m ine r . D u r i n g 
f i e l d screen ing in a l l the seasons, each geno type was 
sown in s ingle r o w of 5 m length (unrep l i ca ted) adop t i ng a 
spacing of 39 x 10 cm alternated w i t h the susceptible cu l t i va r 
T M V 7 . I C R I S A T entr ies were tested d u r i n g f ou r seasons: 
k h a r i f ( ra iny season) 1995, 1996, 1997, and rabi (pos t ra iny 
season) 1995 /96 ; N P R C entr ies were tested o n l y d u r i n g 
t w o seasons in k h a r i f 1996 and 1997. Observat ions were 
made on top f ive leaves of 5 randomly selected p lants f o r 
number o f leaf lets damaged and larvae, t w i c e a t peak inc i -
dence a t 15-day in terva ls . The percentage o f damaged 
leaf lets and n u m b e r o f larvae per lea f we re d e t e r m i n e d 
(Tab le 1). F i ve least suscept ib le genotypes we re selected 
and raised again w i t h the suscept ib le check ( T M V 7 ) i n 
the f i e l d d u r i n g rab i 1997/98 and the lea f area damage was 
assessed g raph ica l l y on 5 r a n d o m l y selected leaf lets t w i c e 
at peak inc idence at 15-day in terva ls . The second and 
t h i r d f u l l y opened un in fes ted leaves (8 leaf le ts) f r o m the 
Tab le 1. Level of damage by groundnut leaf miner in less 
susceptible ( L S ) a n d susceptible (S) g r o u n d n u t geno-
types at V a m b a n , T a m i l N a d u , India1 . 
Genotype2 
NPRC 
V G N 52 (LS) 
V G N 13 (LS) 
I C R I S A T 
lCG 2271 (LS) 
lCGV 87141 (LS) 
ICGV 87453 (LS) 
Local check 
T M V 7 (S) 
No. o f 
larvae leaf-1 
0.25 
0.05 
0.53 
0.50 
0.55 
1.53 
Damaged 
leaflets 
(%) 
20.0 
18.0 
25.5 
27.4 
31.8 
59.4 
Leaf area 
damage 
(mm2) 
98.3 
89.5 
18.7 
21.8 
26.2 
275.4 
1 . Da ta i s m e a n o f t w o r e p l i c a t i o n s . 
2 . Source : N P R C = N a t i o n a l Pulses Research C e n t r e ; I C R I S A T 
= I n t e rna t i ona l C r o p s Research I ns t i t u te f o r the S e m i - A r i d 
T r o p i c s . 
IAN 20, 2000 69 
t op w e r e taken f r o m the f i e l d a t 50 days after s o w i n g f rom 
t w o p lants r epresen t ing t w o rep l i ca t ions . L a b o r a t o r y 
analys is of the chemica l const i tuents such as c h l o r l o p h y l l 
( W i t h a m et al. 1971), total phenol ( B r a y and Thorpe 1954), 
t o t a l so lub le p r o t e i n ( L o w r y e t a l . 1951) , to ta l free a m i n o 
acids ( V a P in Lee and Takahash i 1966) , and to ta l sugars 
( H e d g e and H o f r e i t e r 1962) was done on the l e a f samples 
o f the entr ies . 
L e a f m i n e r inc idence was modera te t o h i g h d u r i n g the 
s tudy p e r i o d . A m o n g the 4 1 geno types tes ted, f i v e 
genotypes, I C G V 8 7 1 4 1 , I C G V 87453, I C G 2 2 7 1 , V G N 13, 
and V G N 52 , w e r e less suscept ib le t o l e a f m i n e r than the 
suscept ible check T M V 7 , w i t h less larvae per l e a f ( 0 . 0 5 -
0 . 5 5 ) a n d less l ea f l e t d a m a g e ( 1 8 . 0 - 3 1 . 8 % ) ( T a b l e 1). 
A l t h o u g h the percentage o f d a m a g e d leaflets was h i g h i n 
the less suscept ib le I C R I S A T genotypes , the l e a f area 
d a m a g e d was l o w e r ( 1 8 . 7 - 2 6 . 2 m m 2 ) than that i n N P R C 
geno types ( 8 9 . 5 - 9 8 . 3 m m 2 ) . T h e suscept ible check T M V 
7 recorded h i g h l ea f area damage o f 275 .4 m m 2 . 
T h e resul ts o f the b i o c h e m i c a l analys is revea led that 
the less suscept ib le genotypes and suscept ible check d i d 
no t d i f f e r m a r k e d l y i n the i r con ten t o f c h l o r o p h y l l a , 
c h l r o p h y l l b , t o t a l c h l o r o p h y l l , t o t a l p r o t e i n , and to ta l free 
a m i n o acids . T h u s , these cons t i tuents m i g h t no t have 
i n f l u e n c e d the su scep t i b i l i t y o f g r o u n d n u t t o l e a f m i n e r 
a t tack. H o w e v e r , there was m a r k e d d i f fe rence be tween 
the less suscept ib le genotypes and suscept ible check in 
the a m o u n t o f t o t a l sugars. T h e a m o u n t o f t o t a l sugars 
was h i g h i n suscept ib le T M V 7 ( 8 2 . 0 m g g - 1) , w h i l e i t was 
l o w i n less suscept ib le geno types ( 1 6 . 0 - 2 7 . 0 m g g - 1 ) 
( T a b l e 2 ) . T h e t o t a l p h e n o l conten t was 2.0 m g g - 1 o f l e a f 
sample i n suscept ible T M V 7 , w h i l e i t was 2 . 4 - 2 . 6 m g g - 1 
of l e a f sample in the less suscept ible genotypes . 
M a c f o y e t a l . ( 1 9 8 3 ) r ecorded h i g h concen t ra t ions o f 
sugars and a m i n o acids, and l o w amoun t s o f phenols and 
crude f iber in cowpea cu l t iva r V i t a -1 susceptible to Maruca 
testulalis. L o w a m o u n t o f p h e n o l con ten t i n p igeonpea 
flowers f avo red m o r e flower damage by M testulalis 
(Ganapa thy 1996) . The results ob ta ined in the present 
s tudy also i s in agreement w i t h the above f i n d i n g s . T h i s 
s tudy conc ludes that less su scep t ib i l i t y o f g r o u n d n u t 
genotypes t o l e a f m i n e r m i g h t b e due t o l o w a m o u n t o f 
sugars and s l i g h t l y h i g h e r a m o u n t o f phenols . H o w e v e r , 
fur ther studies are necessary for a better under s t and ing . 
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T a b l e 2. Biochemical constituents of less susceptible a n d susceptible g r o u n d n u t genotypes. 
Genotype 1 
N P R C 
V G N 52 (LS) 
V G N 13 (LS) 
I C R I S A T 
ICG 2271 (LS) 
I C G V 87141 (LS) 
I C G V 87453 (LS) 
Local check 
T M V 7 (S) 
Quantity2 (mg g - 1 of leaf sample) 
Chlorophyl l 
a b 
1.18 0.57 
0.85 0.38 
1.18 0.56 
1.06 0.52 
1.15 0.58 
1.04 0.50 
Total 
1.76 
1.22 
1.74 
1.59 
1.73 
1.54 
Total 
phenol 
2.4 
2.4 
2.6 
2.6 
2.5 
2.0 
Total 
protein 
16.3 
25.6 
24.4 
30.4 
45.8 
18.7 
Total free 
amino acids 
6.4 
7.3 
6.6 
5.8 
5.9 
5.7 
Total 
sugars 
16.0 
16.0 
18.0 
18.0 
27.0 
82.0 
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Morphological and Yield Attributes of 
Advanced Breeding Lines Susceptible 
and Resistant to Spodoptera litura 
R P Vasanthi and K Padmavathamma (Regional Agr i -
cultural Research Station, Acharya N G Ranga Agricultural 
University, Tirupati 517 502, Andhra Pradesh. India) 
G r o u n d n u t i s an i m p o r t a n t o i lseed c rop in the state o f 
A n d h r a Pradesh in Ind i a . Insect pests pose a serious 
p r o b l e m fo r g r o u n d n u t p r o d u c t i o n . A m o n g insect pests, 
the tobacco ca te rp i l l a r Spodoptera litura is a serious pest 
i n p o s t r a i n y season ( r a b i ) g r o u n d n u t . I d e n t i f i c a t i o n o f 
resistant l ines to Spodoptera w o u l d g rea t ly he lp to 
increase g r o u n d n u t p r o d u c t i v i t y d u r i n g the pos t ra iny 
season. In the present s tudy, advanced b r e e d i n g l ines 
developed through hybr id iza t ion and selection us ing insect 
resistant genotypes were evaluated for their p roduct iv i ty , 
Spodoptera damage, m o r p h o l o g i c a l characters, and y i e l d 
a t t r ibu tes . 
Twenty-one breeding lines along w i t h t w o check varieties, 
JL 24 and T i r u p a t i 1 , we re l a id out in a r a n d o m i z e d b l o c k 
design w i t h three repl icat ions d u r i n g 1997/98 pos t ra iny 
season a t T i r u p a t i , A n d h r a Pradesh. The l ines were s o w n 
i n t w o r o w s o f 5 m length . A n i n t e r r o w spacing o f 22.5 c m 
and plant spacing of 10 cm were adopted. The check var ie ty 
JL 24 was s o w n after every three test genotypes . Obser -
va t ions were recorded on l ea f co lo r , shape, hair iness , and 
ashy nature, and stem hair iness after 60 days o f s o w i n g 
( D A S ) . The percentage of leaves damaged by Spodoptera 
was assessed 65 D A S by c o u n t i n g damaged leaves ( > 7 5 % 
of the leaflet area eaten by ca te rp i l la rs ) and to ta l n u m b e r 
of leaves on 5 r andomly chosen plants. Leaves w i t h n e g l i -
g i b l e damage of leaf area were not taken into account. Y i e l d 
and y i e l d attr ibutes were recorded after harvest . 
S ign i f i c an t dif ferences were observed for p o d y i e l d 
plant"1 and percentage of leaves damaged by Spodoptera. 
The genotypes, T C G S - 6 5 9 ( 2 4 % ) , T C G S - 6 3 6 ( 2 5 % ) , and 
T C G S - 6 6 7 ( 2 9 % ) had l o w e r percentage o f Spodoptera 
damage. A l l these genotypes had nar row leaves. The leaflets 
o f genotypes T C G S - 6 5 9 and 636 possess dense hairs w i t h 
ashy coa t ing . Seven genotypes, T C G S - 6 3 6 , 639 , 646 , 647 , 
648 , 649 , and 6 6 1 , s h o w e d modera te percentage o f 
Spodoptera damaged leaves ( 3 1 - 3 5 % ) . A m o n g these, except 
T C G S - 6 4 7 and 6 6 1 , the other f i ve genotypes possessed 
n a r r o w l o n g leaflets w i t h modera te to profuse hair iness 
and p r o m i n e n t ashy coa t ing . In the genotypes T C G S - 6 6 1 
and 647 the leaflets were broad and short w i t h modera te to 
profuse hair iness and p r o m i n e n t ashy c o a t i n g ( T a b l e 1). 
The genotypes T C G S - 6 3 9 and 667 recorded s i g n i f i -
cant ly h i g h mean pod y i e l d plant - 1 (14 g) . These genotypes 
showed modera te percentage of Spodoptera damage . 
The genotypes T C G S - 6 3 6 , T C G S - 6 4 4 , and T i r u p a t i 1 gave 
higher shel l ing out- turn (75%) . The data d i d not reveal any 
relat ionship between percentage of Spodoptera damage 
and she l l i ng percentage and 100-seed mass ( T a b l e 1). In 
susceptible genotypes, J L 24 , T i r u p a t i I , T C G S - 6 4 4 , 652 , 
653 , 654 , and 655 , leaflets were b road or modera te and 
l o n g ; hair iness o f stem and leaves was s l i gh t o r modera te . 
In this s tudy, l ea f c o l o r d i d not show any r e l a t i onsh ip 
w i t h Spodoptera damage. 
F r o m the results of th is s tudy, i t can be in fe r red that the 
genotypes w i t h narrow long leaflets and profuse hairiness of 
leaves and stem are less prefer red by Spodoptera larvae 
for feeding compared to genotypes w i t h broad long leaflets 
and s l igh t hairiness on leaves and s tem. V i s a l a k s h i ( 1 9 9 7 ) 
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r epo r ted that the resistant g r o u n d n u t geno types I C G V s 
86031 and 8 7 0 6 0 w e r e less p re fe r red by the l ea f m i n e r f o r 
o v i p o s i t i o n . A t t r i b u t e s such as t r i c h o m e s in p lan t t e r m i -
nals and ped ice ls , sur face waxes , ok ra leaf , and f rego 
bract w e r e s h o w n to be associated w i t h insect pest resis-
tance in c o t t o n ( N a r a y a n a n 1995) . 
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Evaluation of Biological Control 
Potential of Rhinocoris marginatus on 
Four Groundnut Pests under Laboratory 
Conditions 
K Sahayaraj (Crop Protection Research Uni t , Depart-
ment of Zoology, St. Xavier 's College, Palayakottai 
627 002, Tami l Nadu, India) 
Rhinocoris marginatus Fab. is a w i d e s p r e a d p reda to r 
f o u n d in the co t ton , soybean, g r o u n d n u t agro-ecosystems 
o f T a m i l N a d u , Ind ia (Sahayaraj 1995). I t has g o o d searching 
ab i l i t y , moderate degree o f host spec i f ic i ty , shorter deve lop-
m e n t a l p e r i o d , and h i g h r e p r o d u c t i v e capac i t y (Sahayara j 
1995 , 1999) . F i e l d e v a l u a t i o n i n g r o u n d n u t e c o s y s t e m 
suggested that th is predator cou ld be used in the g roundnu t 
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T a b l e 1 . R e a c t i o n o f a d v a n c e d g r o u n d n u t b r e e d i n g l ines t o Spodoptera litura a n d t h e i r m o r p h o l o g i c a l t r a i t s d u r i n g 
1997/98 p o s t r a i n y season a t T i r u p a t i , A n d h r a P r a d e s h , I n d i a . 
Entry 
TCGS-635 
TCGS-636 
TCGS-639 
TCGS-644 
TCGS-646 
TCGS-647 
TCGS-648 
TCGS-649 
TCGS-650 
TCGS-652 
TCGS-653 
TCGS-654 
TCGS-655 
TCGS-658 
TCGS-659 
TCGS-661 
TCGS-662 
TCGS-663 
TCGS-664 
TCGS-665 
TCGS-667 
JL 24 
Tirupat i 1 
C D (P = 0.05) 
C V (%) 
Pod y ie ld 
plant -1 
Pedigree (g) 
Tirupat i 1 x 1CGV 86398 12 
Tirupat i 1 x 1CGV 86398 6 
Tirupat i 1 x 1CGV 86398 14 
JL 24 x 1CGV 86398 8 
JL 24 x ICGV 86398 8 
JL 24 x ICGV 86398 9 
JL 24 x ICGV 86398 8 
Tirupat i 1 x ICGV 86031 8 
JL 24 x ICGV 86031 9 
JL 24 x ICGV 86031 7 
JL 24 x ICGV 86031 8 
JL 24 x I C G V 86031 8 
JL 24 x ICGV 86031 8 
JL 24 x ICG 5240 11 
TCGS-37 x NcAc 343 8 
I C G V 86031 x T A G 24 10 
I C G V 86031 x T A G 24 12 
I C G V 86031 x T A G 24 13 
I C G V 86031 x JL 24 6 
I C G V 86031 x JL 24 8 
ICGV 86031 x TG 24 14 
EC 949493 10 
EC 106983/3 9 
2.4 
15.0 
Percentage 
of leaves 
damaged 
43 
25 
31 
52 
33 
34 
33 
33 
38 
53 
50 
62 
52 
38 
24 
35 
41 
40 
53 
36 
29 
63 
52 
9.8 
15.0 
Special morphological features1 
LC 
G 
G 
D G 
L G 
D G 
D G 
D G 
D G 
L G 
D G 
D G 
D G 
L G 
D G 
G 
D G 
D G 
D G 
L G 
D G 
D G 
D G 
L G 
LS 
NS 
N L 
N L 
BL 
N L 
BS 
N L 
N L 
BL 
M L 
M L 
M L 
B L 
BS 
N L 
BS 
NS 
BS 
B L 
NS 
NS 
BL 
N L 
L H 
S 
P 
P 
M 
P 
M 
M 
P 
M 
M 
S 
M 
S 
S 
P 
P 
P 
M 
S 
S 
S 
S 
S 
SH 
S 
S 
p 
M 
P 
P 
M 
M 
M 
M 
M 
S 
S 
M 
S 
S 
S 
S 
S 
S 
S 
S 
S 
Ashy 
coating 
Pr 
M o 
Pr 
-
Pr 
Pr 
-
Pr 
-
-
-
-
-
-
Pr 
Pr 
Pr 
Pr 
-
-
Pr 
-
Pr 
100-seed 
mass 
(g) 
39 
46 
54 
36 
41 
56 
35 
34 
42 
38 
54 
40 
40 
49 
34 
36 
39 
42 
30 
36 
36 
48 
35 
Shelling 
out- turn 
( % ) 
69 
75 
72 
75 
71 
72 
70 
70 
67 
66 
70 
72 
62 
70 
61 
60 
68 
62 
70 
70 
61 
68 
75 
1 . LC = L e a f c o l o r ; LS = L e a f shape ; LH = L e a f ha i r i ness ; SH = S tem ha i r i ness ; G = G r e e n ; DG = D a r k g r e e n ; LG = L i g h t g r e e n ; NS = N a r r o w 
sho r t ; NL = N a r r o w l o n g ; BS = B r o a d sho r t ; BL = B r o a d l o n g ; ML = M o d e r a t e l y l o n g ; P = P ro fuse l y h a i r y ; M = M o d e r a t e l y h a i r y ; S -
S l i g h t l y h a i r y ; Pr = P r o m i n e n t ; M = M o d e r a t e ; - = S l i g h t or absent . 
b i o l o g i c a l c o n t r o l p r o g r a m . Rhinocoris marginatus feeds 
p r i m a r i l y o n the y o u n g ones o f Lep idop te ra , H e m i p t e r a , 
Co leop te ra , and Isoptera , a l t hough i t accepts p rey f rom 
o ther insect orders ( K u m a r a s w a m i 1 9 9 1 , Sahayaraj 1995, 
1999) . Prey and stage pre ference studies o f f i f t h instars o f 
R. marginatus suggested that i t p re fe r red f i f th instars of 
Aproaerema modicella Deventer, Helicoverpa armigera 
Hubner, and Spodoptera litura Fab. and t h i r d instars of 
Amsacta albistriga Walk. (Sahayara j 1999) . Hence there is 
a need fo r fu r ther studies on the b io log i ca l con t ro l potent ia l 
e v a l u a t i o n o f th is predator . 
Aproaerema modicella, A. albistriga, H. armigera, 
and S. litura are the mos t c o m m o n de fo l i a to rs o f g r o u n d -
nu t ( W i g h t m a n and Rao 1993) . M o s t o f these pests are 
resistant to the c o m m o n l y used pest ic ides. The f eed ing 
rate o f an i n d i v i d u a l p redator as a f u n c t i o n o f prey dens i ty 
is termed as funct ional response (Sa lomon 1949). Func t iona l 
response reveals the p reda to ry e f f i c i e n c y o f a pa r t i cu la r 
p redator a t d i f f e ren t p rey densi t ies. Such k n o w l e d g e is 
essent ial to unders tand the basic m e c h a n i s m u n d e r l y i n g 
the p rey -p reda to r in te rac t ion and to e v o l v e strategies f o r 
mass rear ing, large-scale release, and ut i l i za t ion of predators 
in b io log ica l control programs. The in format ion on func t iona l 
response of R. marginatus on these g r o u n d n u t pests is 
not d o c u m e n t e d . Hence the present s tudy is i n tended to 
est imate the b i o l o g i c a l c o n t r o l po ten t ia l o f th i s r e d u v i i d 
p reda to r on these g r o u n d n u t pests. 
Adu l ts and nympha l stages of the predator R. marginatus 
were co l lec ted f r o m the g r o u n d n u t f i e l d i n T r i c h y d is t r i c t , 
T a m i l N a d u and we re reared on g r o u n d n u t pests unde r 
laboratory cond i t i ons ( 3 0 ± 2 ° C , 7 5 ± 5 % re la t ive h u m i d i t y , 
and 1 1 - 1 2 h p h o t o p e r i o d ) in 2 5 0 ml p las t ic con ta iners . 
N e w l y emerged f i f t h instars o f th is p reda to r w e r e chosen 
fo r the exper iment. The exper imental predators were starved 
fo r 24 h p r io r to the test. Four g roundnut pests, A. albistriga, 
A. modicella, H. armigera, and S. litura, were also co l lec ted 
f r o m the same local i t ies where the r e d u v i i d predators were 
co l l ec ted . T h e y we re reared on g r o u n d n u t leaves. T h e 
b io log ica l con t ro l potent ia l o f f i f th instars o f R. marginatus 
to t h i r d instars of A. albistriga and f i f th instars of 
A. modicella, H. armigera, and S. litura was assessed 
separately at 6 d i f f e ren t p rey dens i t ies , v i z . , 1 , 2 , 4 , 8, 16, 
and 32 p rey per p reda to r f o r 5 days c o n t i n u o u s l y . P lants 
(45 days o l d ) o f the g r o u n d n u t c u l t i v a r T M V 7 i n pots 
cove red w i t h mesh cage (45 x 45 x 45 c m ) we re a r ranged 
fo r insect releases. D i f f e r e n t la rva l numbers o f the f o u r 
pests w e r e released on the upper sur face o f the p lan t and 
a l l o w e d to sett le f o r 3 h. A f t e r 3 h, a f i f th instar of 
R. marginatus was released in to each cage. A f t e r eve ry 24 
h , the n u m b e r o f p rey consumed o r k i l l e d was coun ted and 
the prey n u m b e r was ma in ta ined constant by rep lac ing the 
dead p rey t h r o u g h o u t the expe r imen ta l pe r iods . T h e test 
was rep l i ca ted 10 t imes fo r each pest w i t h 10 d i f f e ren t 
predators of both sexes separately. The func t iona l response 
exper iments were p e r f o r m e d to de te rmine the re la t ionsh ip 
be tween the p rey dens i ty and the p rey c o n s u m p t i o n o r 
k i l l ed ( H o l l i n g 1959). 
Rhinocoris marginatus responded to the inc reas ing 
prey densi ty by k i l l i n g h igher n u m b e r o f p rey than i t k i l l e d 
a t l o w e r p rey densi t ies and e x h i b i t e d t ype I I o f H o l l i n g ' s 
(1959) convex curve w h i c h is a t yp i ca l l y densi ty dependent 
f u n c t i o n . T h e n u m b e r o f p rey k i l l e d b y the i n d i v i d u a l 
predator increased f rom 1 p rey per predator to 32 p r e y per 
p reda to r (Tab le 1). Such a k i n d o f response can increase 
the p r o b a b i l i t y o f p reda to r b e i n g an e f f ec t i ve b i o l o g i c a l 
c o n t r o l agent. I n genera l , the n u m b e r o f p rey k i l l e d o r 
consumed ( Y ) in a g iven t ime (T t ) d id not d i f fe r s ign i f i cant ly 
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T a b l e 1. S u m m a r y of calculations used in predict ing the 
biological control potential of Rhinocoris marginatus on 
four g roundnut pests. 
Prey Prey 
density attacked 
(X) (Y) 
Amsacta albistriga 
1 1.00 
2 1.57 
4 2.56 
8 3.14 
16 3.85 
32 4.06 
Aproaerema modicella 
1 1.00 
2 2.00 
4 4.00 
8 6.53 
16 13.46 
32 18.37 
Heliothis armigera 
1 1.00 
2 2.00 
4 3.45 
8 6.78 
16 12.08 
32 16.93 
Spodoptera litura 
1 1.00 
2 2.00 
4 3.30 
8 6.05 
16 11.75 
32 16.12 
Attack 
ratio 
(Y/X) 
1.000 
0.785 
0.640 
0.392 
0.240 
0.126 
1.000 
1.000 
1.000 
0.816 
0.841 
0.574 
1.000 
1.000 
0.862 
0.847 
0.755 
0.529 
1.000 
1.000 
0.825 
0.756 
0.734 
0.503 
Searching 
time (Ts) 
(days) 
0.957 
0.935 
0.902 
0.884 
0.881 
0.882 
0.972 
0.948 
0.916 
0.875 
0.784 
0.724 
0.961 
0.930 
0.890 
0.800 
0.698 
0.611 
0.962 
0.938 
0.917 
0.861 
0.753 
0.694 
Handling 
time (b) 
(days) 
0.043 
0.041 
0.038 
0.037 
0.031 
0.029 
0.028 
0.026 
0.021 
0.019 
0.016 
0.015 
0.039 
0.035 
0.032 
0.029 
0.025 
0.023 
0.038 
0.031 
0.025 
0.023 
0.031 
0.019 
f r o m the numbers ca lcula ted ( V ) o n the basis o f H o l l i n g ' s 
' d i s c ' equa t ion . 
T h e highes t at tack r a t io ( Y / X ) was observed a t p rey 
dens i ty ( X ) o f one p rey per preda tor w h i c h decreased a s 
the p rey dens i ty was increased ( T a b l e 1). T h e predator 
spent some t i m e for searching its prey . The searching t i m e 
( T s ) (days) was ca lcu la ted b y the f o l l o w i n g f o r m u l a : 
Ts = T t - b y 
T h e t i m e taken by the p reda tor to feed the cap tu red 
p rey was observed as h a n d l i n g t i m e or feeding t i m e (b) . Ts 
decreased w i t h increased prey densi ty. Hassell e t a l . ( 1 9 7 7 ) 
stated that the at tack rate decreased w i t h increas ing prey 
dens i ty i n predators h a v i n g type I I f u n c t i o n a l response. 
T h e o r e t i c a l l y , each m i l l i g r a m of prey f o o d requi red a con-
stant a m o u n t o f t i m e ' B ' fo r c o n s u m p t i o n . A s observed 
for search ing t i m e , the h a n d l i n g t i m e also decreased w i t h 
increased p rey dens i ty . T h i s indicates that the predator 
subdued the p rey m o r e q u i c k l y and c o n s u m e d t h e m faster 
a t h i g h e r p r ey dens i ty than a t l o w e r prey dens i ty . T h e 
h a n d l i n g t i m e was m i n i m u m w h e n the preda tor was p r o -
v i d e d w i t h A. modicella. T h i s m i g h t be due to the s m a l l 
size o f th i s p rey . Presence of hai rs in A . albistriga m a y 
have caused stress d u r i n g f eed ing and thus h a n d l i n g t i m e 
was h i g h . M o r e t i m e was taken by the predator to paralyze 
the s ing le p r ey and t o c o n s u m e increased a m o u n t o f f o o d 
f r o m the prey . 
T h e m a x i m u m p r e d a t i o n a t the highest p rey dens i ty i s 
represented b y the ' k ' va lue . T h e k / T t va lue was highes t 
for A. modicella ( 1 8 . 3 7 ) f o l l o w e d by H. armigera (16 .93) , 
S. litura ( 1 6 . 1 2 ) , a n d A. albistriga ( 4 . 0 6 ) . H i g h e r k / T t in 
A. modicella was p r e s u m a b l y due to s m a l l size of the 
prey , ac t ive searching and q u i c k e r p a r a l y z i n g , and shorter 
in te rva l s be tween successive attacks o f the predator . 
H o w e v e r , the u t i l i z a t i o n o f the p reda tor fo r the c o n t r o l o f 
A. modicella can o n l y be d e t e r m i n e d t h r o u g h actual field 
t r ia l s . L o w e r p reda t ion in A. albistriga m i g h t be due to the 
presence o f h a i r y b o d y surface. T h e p o s i t i v e func t i ona l 
response observed in R. marginatus suggests its b i o c o n t r o l 
p o t e n t i a l . These studies and the p r e v i o u s observa t ions 
(Sahayaraj 1999) w h e r e R. marginatus reduced 9 2 . 7 3 % 
H. armigera and 9 4 . 9 1 % S. litura c o n f i r m s that it can be 
used in an in tegra ted pest managemen t ( I P M ) p r o g r a m . 
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Natura l Fungal Pathogencity on 
Groundnut Defoliator Spodoptera litura 
S Venkatesan1, S N Nigam2 , S E Naina Mohammed 1 , 
and K N Ganesan1 ( 1 . Tamil Nadu Agricultural University, 
Regional Research Sation, Vridhachalam 606 001 , Tami l 
Nadu, India; 2. International Crops Research Institute for 
the Semi-Arid Tropics ( ICRISAT) , Patancheru 502 324, 
Andhra Pradesh, India) 
G r o u n d n u t c r o p m o n i t o r i n g team o f scientists cons t i t u t ed 
for Zone V Breeder Seed Plot v is i ted I C R I S A T , Patancheru, 
I nd i a on 23 September 1999. D u r i n g the f i e ld v i s i t mycoses 
( 1 1 % ) a m o n g the l a r v a l p o p u l a t i o n of Spodoptera litura 
was observed. The entomopathogenic fungus was ident i f ied 
as Nomuraea rileyi (Farlow) Samson ( M o n i l i a l e s : 
M o n i l i a c e a e ) . T h e d i spe r s ion and spread o f th i s p a t h o -
genic fungus i n r ab i ( pos t r a iny season)-sown c r o p w i l l 
n a t u r a l l y c o n t a i n the S . litura l a r v a l p o p u l a t i o n . H e n c e i t 
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i s the r i g h t t i m e to e x p l o i t the pa thogen under f i e l d c o n d i -
t i ons to s t rengthen the e x i s t i n g e f fec t i ve e c o f r i e n d l y pest 
m a n a g e m e n t strategies. A p a r t f r om th is pa thogen , use o f 
bo tan ica ls , paras i to ids , and predators to con ta in the de-
f o l i a t i o n by less than 1 0 % damage in 6 0 - d a y - o l d c rop had 
no e f fec t on the p o d y i e l d . P r e l i m i n a r y conf ined studies o f 
the fungal pathogenic i ty against S. litura conducted at the 
R e g i o n a l Research S ta t i on , V r i d h a c h a l a m , T a m i l N a d u , 
Ind ia revealed that the th i rd instar larval m u m m i f i c a t i o n was 
due t o the i n f e c t i o n on the f i f t h day a f te r s p r a y i n g w i t h 
N. rileyi at a concen t ra t i on of 1 x 108 spores m L - 1 . Assess-
m e n t on the d y n a m i c s o f c o n i d i a l d ispersa l and dens i ty 
w i t h i n the g r o u n d n u t c rop ecosystem at f i e l d leve l i s in 
p rog ress . 
In f u t u re , studies a t the f i e l d leve l on the u t i l i za t i on o f 
na tu ra l l y o c c u r r i n g f u n g a l pathogens such as Beauvaria 
bassiana ( w h i t e musca rd ine f ungus ) and N. rileyi (g reen 
musca rd i ne f ungus ) to con ta in the g r o u n d n u t de fo l i a to rs 
w i t h o u t any reduc t i on in p o d y i e l d w i l l be an accessible 
e c o f r i e n d l y pest managemen t strategy fo r susta inable 
g r o u n d n u t c u l t i v a t i o n . 
Impact of Some Plant Products on the 
Behavior of Tribolium castaneum in 
Groundnut Seed 
K Sahayaraj and M G Paulraj (Plant Protection 
Research Unit, Department of Zoology, St. Xavier's College, 
Palayankottai 627 002, Tami l Nadu, India) 
G r o u n d n u t (Arach i s hypogaea) is s tored bo th as pods 
and seeds. B o t h f o r m s are suscept ib le d u r i n g storage to 
attack by insects, w h i c h cause approx imate ly 6 - 1 0 % damage 
in s tored seed (Sr ivas tava 1970) . T h e red f l o u r beet le, 
Tribolium castaneum Hcrbst is one of the mos t impo r t an t 
pests o f s tored g r o u n d n u t seeds ( W i g h t m a n and Ranga 
Rao 1993) . As g r o u n d n u t i s used fo r h u m a n f o o d , the use 
o f insec t i c ides against th is s tored p roduc t pest m a y rep -
resent a hea l th hazard . Use of p l a n t - d e r i v e d pest ic ides to 
manage stored p r o d u c t pests is a t r ad i t i ona l m e t h o d that 
is env i ronmen ta l l y safe and economica l l y v iab le al ternat ive 
m e t h o d . Azadirachta indica ( neem) has been f o u n d to 
a f fec t m o r e than 2 0 0 insect pests ( W a r t h e n 1989, Na t i ona l 
Research C o u n c i l 1992) i n c l u d i n g several s tored p roduc t 
pests (Jacobson 1988) . In the present s tudy , the l ea f ex-
t racts of A. indica, Vitex negundo, Calotropis gigantea, 
and b u l b ex t rac t of Allium cepa ( o n i o n ) w e r e eva lua ted 
f o r the i r repe l len t and insec t ic ida l p roper t ies on the adul ts 
of T. castaneum in g r o u n d n u t seeds. 
The leaf extracts of A. indica, V. negundo, and C. gigantea 
and b u l b ex t rac t o f A. cepa we re p repared a c c o r d i n g to 
Sahayaraj ( 1998 ) . Ten g rams each o f the leaves and bu lbs 
were macerated indiv idual ly in pestle and mortar and extracted 
w i t h 10 mL o f water. The extract was passed th rough mus l i n 
c l o th and the f i na l v o l u m e made up to 100 mL to get 1 0 % 
extracts. I t was t reated as a s tock so lu t i on . F r o m the stock 
so lu t i on 5 d i f f e ren t concen t ra t ions , 0 .5, 1.0, 2 .0 , 4 .0 , and 
6 . 0 % were made w i t h required quant i ty o f water. Groundnu t 
seeds (5 g) were d i p p e d in d i f f e ren t concen t ra t i ons sepa-
rate ly fo r 15 m i n and air d r ied f o r 10 m i n . 
I n c o n t r o l , the g r o u n d n u t seeds were d i p p e d in w a t e r 
o n l y . A glass ol factometer was used to f i nd the repellent 
propert ies of the p lant extracts against T. castaneum. An 
o l fac tometer consists o f a m i d d l e glass chamber (60 mm 
d iamete r ) f r o m w h i c h 6 equa l l y spaced tubes ( 2 0 cm 
length and 2.5 cm d iameter ) p ro jec t ou twards . The m i d d l e 
chamber has an open ing o f 2.5 cm diameter . The dista l end 
of each a r m is at tached w i t h a glass beaker (7 cm d iameter 
and 9 cm he igh t ) . T h e repe l len t p rope r t y o f the p lants was 
tested by cho ice test. T e n - d a y - o l d T. castaneum adu l ts 
were co l lec ted f r o m the cu l tu re m e d i u m ma in ta i ned in the 
l abo ra to ry and used fo r th is s tudy. G r o u n d n u t t reated 
w i t h d i f f e ren t concen t ra t ions o f the p lant ext racts we re 
p laced separately in the beaker attached in each arm. T h e n 
they were c losed w i t h m u s l i n c l o th . S i x t y T. castaneum 
adul ts were i n t roduced in to the o l f ac tome te r t h r o u g h the 
o p e n i n g present in the m i d d l e chamber and c losed w i t h 
m u s l i n c l o th and a l l o w e d fo r 3 h . A f t e r 3 h , the n u m b e r of 
beetles present in each concen t ra t i on was reco rded . F r o m 
the observed value the repel lence was observed and de f i ned 
i n te rms o f excess p r o p o r t i o n index ( E P I ) a c c o r d i n g to 
Sakuma and Fukami (1985). Each exper iment was repl icated 
s ix t imes w i t h d i f fe ren t insects and also g r o u n d n u t seeds 
t reated w i t h p lant extracts. The EP I is de f i ned as f o l l o w s : 
EP I = NS - N C / N S + NC 
w h e r e N S = n u m b e r o f a n i m a l s i n the s a m p l e s ide a n d 
NC = n u m b e r o f an ima ls i n the c o n t r o l s ide. In ano ther 
expe r imen t , ten adul ts were p laced in a p las t ic con ta ine r 
(250 ml capac i ty ) and p rov ided w i t h 1 g o f g roundnu t seed 
t reated w i t h d i f f e ren t concen t ra t ions o f each p lan t ex t rac t 
separately. C o n t r o l categor ies we re p r o v i d e d w i t h wa te r 
t reated g r o u n d n u t seeds. M o r t a l i t y was reco rded in a l l 
the categor ies fo r every 24 h up to 7 days. S ix rep l i ca t ions 
we re m a i n t a i n e d in each ca tegory . 
E P I va lues ranged f r o m + 1 t o - 1 . These terms s i m p l y 
express p o l a r i t y o f the d i rec t i ona l cho ice . Pos i t i ve and 
negat ive values indicated pos i t ive and negat ive approaches 
respect ive ly . The results o f the exper iment are summar i zed 
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Table 1. Impact of plant products on the excess proport ion 
index ( E P I ) behavior of Tribolium castaneum. 
Plant 
Azadirachta indica 
Vitex negundo 
Allium cepa 
Calotropis gigantea 
EPI 
0.51 
-0 .616 
-0 .382 
-0 .319 
-0 .084 
1 
-0.813 
-0 .601 
-0 .470 
-0.225 
2 
-0 .881 
-0 .739 
-0.675 
-0 .406 
4 
-0.953 
-0.893 
-0.783 
-0 .507 
6 
-1 .000 
-0.933 
-0 .900 
-0.628 
1 . C o n c e n t r a t i o n (%) o f p l an t p r o d u c t . 
References 
in Tab le 1 w h i c h shows that the insect avo ided feed ing on 
g r o u n d n u t seed sprayed w i t h A. indica, V. negundo, 
A. cepa, and C. gigantea. T h e resul ts c lea r l y i nd ica ted 
that A. indica was the mos t e f fec t i ve repe l len t f o r 
71 castaneum f o l l o w e d by V. negundo, A. cepa, and 
C. gigantea. T h e E P I values f o r a l l the p lan t p roduc ts 
used in th is s tudy s h o w e d nega t i ve va lues. Sengut tuvan 
et al. ( 1 9 9 5 ) repor ted that neem and Vitex l ea f powde rs 
were most e f f ec t i ve to c o n t r o l Corcyra cephalonica 
stainton in s tored g roundnu ts . 
In the present i nves t i ga t i on , the repe l lence increased 
as the concen t ra t i on increased. Sain and M e l o a n ( 1 9 8 6 ) 
repor ted that p o w d e r of Laurus nobilis leaves acted as a 
repe l lent to T. castaneum. H o w e v e r , the m o r t a l i t y exper i -
ments i nd i ca ted that a l l the f ou r p lants tested here d i d no t 
cause any m o r t a l i t y on T. castaneum d u r i n g the observed 
p e r i o d . I t is c o n c l u d e d that a l l the p lants tested in th is 
s tudy have repe l len t p r o p e r t y against T. castaneum and 
c o u l d be used to p ro tec t the s tored g r o u n d n u t seeds f r o m 
T. castaneum damage . 
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A g r o n o m y 
Field Evaluation of Plant Growth-
promoting Rhizobacteria of Groundnut 
R Dey, K K Pal, S M Chauhan, and D M Bhatt 
(National Research Centre for Groundnut, Ivnagar Road, 
PB No. 5, Junagadh 362 001, Gujarat, India) 
D i r e c t use o f m i c r o o r g a n i s m s to p romote p lant g r o w t h 
and to con t ro l plant pests continues to be an area of r ap id ly 
expand ing research. The ab i l i t y o f specific root c o l o n i z i n g 
bacter ia o r rh izobac te r ia t o increase g r o w t h and y i e l d o f 
c rop plants cu r r en t ly is a t t rac t ing considerable a t tent ion . 
Benef i c i a l f r ee - l i v ing soi l bacteria isolated f rom the rh i zo -
sphere, w h i c h have been s h o w n to i m p r o v e p lant heal th 
or increase y i e l d , are usual ly referred to as p lant g r o w t h -
p r o m o t i n g rh izobac te r ia ( P G P R ) ( K l o e p p e r and Schroth 
1978) , o r b y one g r o u p o f w o r k e r s i n C h i n a a s y i e l d -
increasing bacteria ( Y I B ) (Tang 1994). 
There has been, since the 1990s, a fast e m e r g i n g t rend 
to use the benef ic ia l effect of these bacteria. M o s t of the 
repor ted w o r k has been on other crops i n c l u d i n g oi lseed 
crops such as cano la ( K l o e p p e r e t a l . 1988) . H o w e v e r , 
repor ts o f PGPR in g r o u n d n u t are scanty At the N a t i o n a l 
Research Centre for Groundnu t ( N R C G ) , Junagadh, India , 
i so la t ion o f PGPR f rom g roundnu t rh izosphere was done 
by A C C (1 -aminocyc lopropane-1 -carboxylate) deaminase 
activity using A C C (Sigma) as the sole source of n i t rogen ( N ) 
(Jacobson et a l . 1994). U s i n g this approach, 233 isolates 
of PGPR were obtained f rom groundnut rhizosphere. Of these 
cultures, on the basis of g e r m i n a t i n g seed bioassay 
(Gerha rdson et a l . 1985) in water agar m e d i u m at 2 8 ± 2 ° C 
for 7 days, n ine cultures were selected w h i c h increased 
the roo t g r o w t h s i g n i f i c a n t l y . In the present s tudy, an 
ef for t has been made to evaluate the effects of these PGPR 
i n i n f l u e n c i n g the g r o w t h , y i e l d , and n u t r i e n t up take o f 
g r o u n d n u t under f i e l d cond i t ions . A f i e l d t r i a l was con-
duc ted d u r i n g the r a iny season of 1999 in 5 m x 5 m plots 
in a r a n d o m i z e d comple te b lock design w i t h 10 treatments 
and fou r r ep l i ca t ions . The f i e l d so i l was b lack calcareous 
hav ing pH of 7.9, organic carbon content o f 0.52%, available 
phosphorus (P) content o f 10 ( ± 1 . 2 ) kg ha-1, and avai lab le 
potass ium ( K ) o f 2 4 0 ( ± 1 4 . 6 ) kg ha - 1 a t the t ime o f s o w i n g . 
In the f i e l d , n o r m a l doses of fer t i l izers [20 kg N ha - 1 in the 
f o r m o f a m m o n i u m sulphate and 40 kg P 2O,ha - 1 i n the f o r m 
of s ingle superphosphate (SSP)] were used. G r o u n d n u t 
cu l t i va r , G G 2 , was used for f i e l d t r ia ls . Bac te r ia l cu l tu re 
was app l ied as seed t reatment us ing l o g phase cul tures 
[48 h g r o w t h , op t i ca l densi ty ( O D ) 1.2 at 600 n m , approxi -
m a t e l y 106 c o l o n y f o r m i n g un i t s ( c f u ) seed - 1] . N o d u l e 
d r y mass of 10 plants sampled randomly f rom each replica-
t ion was recorded at 45 days after s o w i n g ( D A S ) and other 
parameters such as d r y p l an t b iomass (10 p lants w e r e 
randomly sampled from each replication), pod yie ld (measured 
per n r i n each r e p l i c a t i o n ) , and n u t r i e n t u p t a k e w e r e 
es t imated at the t ime of harvest. The N and P contents in 
shoot and seed were determined f rom the same harvested 
mater ia ls sampled for plant biomass. 
In the seedl ing bioassay, a l l the PGPR isolates s i g n i f i -
cant ly increased the root length (Tab le 1). A l l the cul tures 
were identified as Pseudomonas spp. Bacterial cultures were 
identif ied by per forming several morpholog ica l , phys io log i -
cal , and b i o c h e m i c a l tests a c c o r d i n g to the desc r ip t ion o f 
the 9th edition of Bergey's Manual of Systematic Bacteriology 
( K r i e g e t a l . 1984). M a j o r i t y of them were Pscudomonas 
fluoresceins. Three of these cultures, PGPR 1, PGPR 2, and 
PGPR 4 ( a l l f luorescent pseudomonads) , were the best in 
p r o d u c i n g s iderophores [10 m m , 15.2 m m , and 2 4 m m o f 
orange halos in Chromazo le S ( C A S ) agar plates ( S c h w y n 
and Nei lands 1987) after 72 h of g r o w t h ] , indole acetic acid 
( I A A ) (Sarwar and K r e m e r 1995) (3 .6 , 7.8, and 9.3 mg L - 1 
respectively after 24 h), and solubi l iz ing inorganic phosphate 
( P i k o v s k a y a 1948, Gaur 1990) (48 .52 , 16.6, and 60 mg 
100mL - 1 b ro th respect ive ly after 72 h) (Tab le 1). These 
isolates were also i n h i b i t o r y in v i t r o to Aspergillus flavus 
[produced 14, 13.4, and 14 mm of inhibit ion zones respectively 
in K i n g ' s B ( K i n g et a l . 1954) after three days ] . The f i e l d 
c rop was harvested at 1 10 D A S when the c rop was f u l l y 
mature . A f t e r d r y i n g the pods under the sun, y i e l d was 
recorded. Bac te r iza t ion o f g r o u n d n u t w i t h PGPR isolates 
PGPR 1, PGPR 2, PGPR 3, PGPR 4, PGPR 5, and PGPR 6 
resulted in s i g n i f i c a n t l y h igher pod y ie lds ( 1 4 . 7 % to 
2 5 . 5 % ) w h i l e the three r e m a i n i n g treatments recorded 
yields at par w i t h that of the control (Table 2) . Plant biomass 
data showed a s imi la r t rend to that of the pod y i e l d . I n o c u -
la t ion of PGPR 1, PGPR 2, and PGPR 4 gave s ignif icant ly 
h igher plant biomass as compared to that of the con t ro l 
w h i l e other treatments recorded biomass y i e l d a t par w i t h 
that o f c o n t r o l . A l l the inocula ted treatments had better 
n o d u l a t i o n and s i g n i f i c a n t l y h igher nodu le d r y mass as 
compared to the c o n t r o l . I t was observed that inocula t ion 
w i t h PGPR isolates resulted in enhanced N content in the 
shoots and seeds. There was s ign i f i can t increase in the N 
content o f shoot and seed w h e n inocu la t ed w i t h P G P R 1 , 
P G P R 2, and PGPR 4 (Tab le 2 ) . The other treatments were 
a t par w i t h tha t o f the c o n t r o l . T r e a t m e n t w i t h P G P R 
isolates resulted in better mob i l i za t i on and ava i lab i l i ty of P 
to the plants as depicted by the P content of shoot and 
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seed. T h e P con ten t o f shoot and seed gave s i gn i f i can t 
increase o v e r the c o n t r o l due to seed bac te r i za t i on w i t h 
P G P R 1, PGPR 2, and PGPR 4 (Tab le 2) . 
T h e e x p e r i m e n t was conduc ted in a s o i l , de f i c i en t in P. 
E v e n a p p l i e d P is f i xed as t r i - c a l c i u m phosphate . T h e pH 
(7 .9 ) o f the s o i l was su i tab le f o r exc re t i on o f s ide rophore 
by P G P R isolates. In the f ie ld , best resu l t was ob ta i ned 
w h e n i nocu la ted w i t h P G P R 1 , P G P R 2 , and P G P R 4 . 
S o l u b i l i z a t i o n o f i r o n by m i c r o b i a l s ide rophores a n d P 
have been f o u n d to increase c r o p y i e l d subs tan t ia l l y 
( B r o w n 1974, W a n i 1980, K loepper et a l . 1988, G l i de 1995). 
F l u o r e s c e n t p s e u d o m o n a d s h a v i n g A C C d e a m i n a s e 
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T a b l e 2 . Effect o f P G P R on the g r o w t h , y ie ld, and nutr ient uptake in groundnut cul t ivar G G 2 d u r i n g 1999 ra iny season 
under f ie ld conditions1 . 
Isolate 
Cont ro l 
PGPR 1 
PGPR 2 
PGPR 3 
PGPR 4 
PGPR 5 
PGPR 6 
PGPR 7 
PGPR 8 
PGPR 9 
C D (P = 0.05) 
Pod y ie ld 
(kg ha-') 
1872 
2350 
2320 
2170 
2315 
2157 
2175 
2045 
1955 
1945 
258 
Dry biomass 
(g plant-1) 
17.9 
24.5 
27.3 
21.5 
24.5 
19.1 
20.9 
20.5 
18.5 
19.5 
4.7 
Nodule dry mass 
(mg plant -1) 
86.4 
116.4 
103.0 
91.4 
103.4 
108.0 
104.2 
108.1 
105.2 
95.6 
5.15 
N content (%) 
at harvest 
Shoot 
2.15 
2.37 
2.37 
2.29 
2.37 
2.31 
2.23 
2.22 
2.28 
2.59 
0.21 
Seed 
4.18 
4.66 
4.60 
4.07 
4.62 
3.98 
4.13 
4.16 
4.20 
4.07 
0.35 
P content (%) 
at harvest 
Shoot 
0.19 
0.28 
0.23 
0.20 
0.23 
0.22 
0.20 
0.19 
0.18 
0.22 
0.03 
Seed 
0.28 
0.37 
0.34 
0.31 
0.37 
0.35 
0.30 
0.31 
0.29 
0.33 
0.05 
1. P G P R = P lan t g r o w t h - p r o m o t i n g r h i z o b a c t e r i a ; N = N i t r o g e n ; P = P h o s p h o r u s . 
D a t a represen t average o f f o u r r e p l i c a t i o n s . 
T a b l e 1 . G e r m i n a t i n g g r o u n d n u t seed bioassay a n d quant i f i ca t ion o f p lan t g r o w t h - p r o m o t i n g a t t r ibutes o f selected 
P G P R isolates1. 
Root length of 
seedling 
Isolate (cm) 
Contro l 6.03 
PGPR 1 8.40 
PGPR 2 9.10 
PGPR 3 7.90 
PGPR 4 8.87 
PGPR 5 8.03 
PGPR 6 7.97 
PGPR 7 9.00 
PGPR 8 8.07 
PGPR 9 7.6 
C D (P = 0.05) 0.58 
Siderophore 
diameter2 
(mm) 
N R 
10.0 
15.2 
-ve 
24.0 
8.8 
9.2 
19.0 
8.6 
9.0 
-
I A A - l i k e 
substances3 
(mg L-1) 
N R 
3.6 
7.8 
-ve 
9.3 
-ve 
3.9 
11.8 
-ve 
-ve 
-
Phosphate 
solubi l ization4 
(mg 100mL - 1 
broth) 
4.7 
48.5 
16.6 
-ve 
60.0 
38.6 
-ve 
-ve 
-ve 
23.8 
-
Inh ib i t ion zone 
(diameter) against 
Aspergillus flavus 
(mm) 
N R 
14.0 
13.4 
-ve 
14.0 
11.2 
12.6 
-ve 
-ve 
-ve 
-
Culture identi f icat ion 
N R 
Pse udomonas fluorescens 
Pseudomonas fluorescens 
Pseudomonas sp 
Pseudomonas fluorescens 
Pseudomonas fluorescens 
Pseudomonas fluorescens 
Pseudomonas fluorescens 
Pseudomonas sp 
Pseudomonas sp 
-
1 . P G P R = P lan t g r o w t h - p r o m o t i n g r h i z o b a c t e r i a ; NR = N o t r e l e v a n t ; -ve = the iso la te(s) d i d n o t express the p a r t i c u l a r charac ter . 
D a t a represent average o f th ree r e p l i c a t i o n s repeated t h r i ce . 
2 . O r a n g e h a l o on C h r o m a z o l e S ( C A S ) agar a f ter 72 h o f g r o w t h . 
3 . I A A = I n d o l e ace t ic a c i d ; da ta r eco rded af ter 24 h o f g r o w t h . 
4 . A f t e r 72 h o f g r o w t h . 
a c t i v i t y , phosphate s o l u b i l i z i n g a b i l i t y , and I A A and 
s i d e r o p h o r e p r o d u c i n g characters have been f o u n d t o 
enhance g r o u n d n u t g r o w t h under po t t ed c o n d i t i o n s (Pal 
e t a l . 1999) . A C C deaminase a c t i v i t y o f PGPR isolate 
Pseudomonas putida GR 12-2 has been reported to p romote 
g r o w t h o f cano la seed l ing ( G l i c k e t a l . 1995). I f A C C 
deaminase a c t i v i t y a lone was responsib le fo r better roo t 
g r o w t h and y i e l d i n g r o u n d n u t , a l l isolates w o u l d have 
p r o d u c e d s i m i l a r results . B u t this d i d no t happen t h o u g h 
a l l the n ine isolates had A C C deaminase a c t i v i t y . A C C 
deaminase ac t iv i ty m i g h t have produced better roo t g r o w t h 
i n the i n i t i a l stages o f c rop g r o w t h , bu t o ther a t t r ibutes 
such a s I A A , s iderophore p r o d u c t i o n , and phosphate 
s o l u b i l i z a t i o n by the P G P R isolates m i g h t have he lped in 
bet ter nu t r i en t m o b i l i z a t i o n , a v a i l a b i l i t y , and thus uptake 
by the plants . H o w e v e r , a l l these parameters need to be 
measured in fur ther studies. Synerg i s t i c effect was f o u n d 
between nat ive Bradyrhizobium f lora and PGPR as nodula-
t i o n was enhanced due t o i n o c u l a t i o n o f PGPR. A l t h o u g h , 
i n v o l v e m e n t o f A C C deaminase a c t i v i t y i n enhanc ing 
p lan t g r o w t h and y i e l d o f g r o u n d n u t cannot b e r u l e d out , 
coordinated expression o f m u l t i p l e plant g r o w t h - p r o m o t i n g 
t ra i ts c o u l d have been i n v o l v e d in the o v e r a l l p lan t 
g r o w t h p r o m o t i o n o f g r o u n d n u t b y these P G P R isolates. 
M u t a t i o n a l analyses o f a l l these trai ts and subsequent 
eva lua t ion o n l y can unrave l the exact mechanisms of these 
P G P R isolates i n s t i m u l a t i n g g roundnu t g r o w t h and y i e l d . 
W o r k has been i n i t i a t ed in th is d i r ec t i on in ou r l abora tory . 
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Performance of Groundnut Germplasm 
and Cultivars under Saline W a t e r 
Irr igat ion in the Soils of M u n d r a in 
Gujarat , India 
P C Nautiyal1 , A Bandyopadhyay1, V G Koradia1 , and 
Madhubhai M a k a d 2 ( 1 . National Research Centre for 
Groundnut, Ivnagar Road, PB No. 5, Junagadh 362 001 
Gujarat, India; 2. Progressive Farmer, and Coordinator, 
Krishi Vigyan Kendra, Mundra 370 421 , Gujarat, India) 
In I n d i a about 7.1 m i l l i o n ha area is salt affected ( Y a d a v et 
a l . 1979), out o f w h i c h 1.2 m i l l i o n ha compr i se saline soils 
i n the coastal tracts o f Gujara t , whe re g r o u n d n u t ( A r a c h i s 
hypogaea) is a m a j o r c r o p under c u l t i v a t i o n . I n f o r m a t i o n 
o n to le rance o f g r o u n d n u t c rop t o var ious s a l i n i t y levels 
is meager . Joshi et al . ( 1 9 9 4 ) repor ted that the vegetat ive 
stage of g r o u n d n u t c rop can tolerate sa l in i ty level of ECe 8 
dS m - 1 [electrical conduct iv i ty (EC) of saturation ex t rac t ) . In 
the K u t c h - B h u j r e g i o n o f no r the rn Gujara t , g r o u n d n u t i s 
the mos t prefer red c rop by the farmers and is cu l t i va t ed in 
b o t h s u m m e r and r a i n y seasons. T h e annual average r a i n -
fa l l in this r eg ion i s ve ry l o w ( 2 5 0 - 3 0 0 m m ) and groundnut 
i s cu l t i va t ed , a lmost w h o l l y , w i t h i r r i g a t i o n . T h e m a j o r 
source o f i r r i g a t i o n i s the w e l l s and due to ex tens ive use 
o f w e l l - w a t e r for i r r i g a t i o n the s a l i n i t y l eve l o f the w e l l -
wa t e r and so i l is increas ing at an a l a r m i n g rate. The in-
creasing sa l in i ty levels are render ing the c u l t i v a t i o n of 
g r o u n d n u t d i f f i c u l t . The N a t i o n a l Research Centre fo r 
G r o u n d n u t ( N R C G ) , Junagadh, Gujarat , therefore, t o o k up 
the w o r k o n managemen t o f this p r o b l e m and started 
sc reen ing g r o u n d n u t g e r m p l a s m and released cu l t iva r s 
for salinity tolerance. Experiments were conducted in col labo-
ra t ion w i t h the K r i s h i V i g y a n Kend ra , M u n d r a , Gujarat . 
D u r i n g February 1997, 100 ge rmplasm accessions were 
s o w n in a r a n d o m i z e d b l o c k des ign ( R B D ) rep l i ca ted 
t w i c e , in t w o - r o w plo ts , each r o w 3 m in l eng th w i t h 
in te r row spacing of 45 c m . Seed was s o w n in each r o w at 10 
c m spacing. A l l r ecommended ag ronomica l practices were 
f o l l o w e d to ma in ta in a heal thy c rop . T h e crop was i r r iga ted 
w i t h sal ine wa te r o f E C 3.5 d S m - 1 and p H 7 . 2 1 . T h e w e l l -
wa te r used for i r r i g a t i o n was ana lyzed before c o n d u c t i n g 
the exper iments (Tab le 1). H o w e v e r , the so i l o f the exper i -
m e n t a l site was ana lyzed after c o n d u c t i n g the s u m m e r 
c ropp ing season ( F e b r u a r y - J u n e 1997) experiment. The 
crop received 12 irrigations from sowing t i l l matur i ty . Obser-
va t ions on f ie ld emergence was recorded 30 days after 
s o w i n g ( D A S ) , whereas p l an t s tand a n d p o d y i e l d w e r e 
recorded a t f inal harvest ( 1 3 0 - 1 4 0 D A S ) and plant m o r t a l i t y 
was ca lcula ted by the f o l l o w i n g f o r m u l a : 
Twenty-nine genotypes hav ing >5 mature pods at harvest 
were s tud ied for the de f i c i ency s y m p t o m , " h o l l o w hear t" 
o f the co ty ledons , due t o sa l in i ty ( b o r o n o r c a l c i u m o r 
b o r o n and c a l c i u m c o m b i n e d d e f i c i e n c y ) a s r epor t ed by 
C o x and Reid (1964) and Re id and C o x (1973) . We observed 
s y m p t o m s s i m i l a r t o those repor ted by C o x and R e i d 
(1964) : the inner surface of the co ty ledons were depressed 
and d i s co lo red and p l u m u l e was darkened . For r e c o r d i n g 
the def ic iency symptoms , three plants f r o m the accessions 
h a v i n g >5 pods were p i c k e d up and 5 pods f r o m each 
p lan t were shel led i m m e d i a t e l y . D e f i c i e n c y s y m p t o m s in 
the f o r m of b lack spots on the co ty l edons and da rkened 
p l u m u l e were recorded. The data on de f i c i ency s y m p t o m s 
were expressed on a scale of low, med ium, and high deficiency 
(Table 2) . Genotypes w i t h <5 pods w i t h co ty ledons h a v i n g 
b l a c k spots were c lass i f ied as + ( l o w d e f i c i e n c y ) , those 
w i t h 6 to 10 such pods were c lass i f ied as ++ ( m e d i u m 
deficiency), and those w i t h 11 to 15 such pods were classified 
a s + + + ( h i g h de f i c i ency ) . 
A l o n g w i t h 28 released cultivars, 20 germplasm accessions 
h a v i n g p o d y i e l d m o r e than 1 g p lan t - 1 in the p r e v i o u s 
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T a b l e 1 . C h e m i c a l analysis o f the w e l l - w a t e r used for 
irrigation dur ing the summer and rainy cropping seasons 
o f 1 9 9 7 , in the e x p e r i m e n t to screen g r o u n d n u t for 
sa l in i ty to lerance conducted in f a r m e r s ' fields at 
M u n d r a , G u j a r a t , India. 
Character1 
p H 
EC 
TDS 
Calcium 
Magnesium 
Carbonate 
Bicarbonate 
Chloride 
Sodium 
Sodium adsorption ratio 
Residual sodium carbonate 
Concentration/unit 
7.21 
3.5 dS m -1 
2240 mg L - 1 
700 meq L-1 
2.15 meq L-1 
-
-
24.2 meq L-1 
26.11 meq L-1 
11.06 
1.15 meq L-1 
Remarks 
-
High 
High 
Medium 
Med ium 
L o w 
Med ium 
M e d i u m 
Medium 
Med ium 
Satisfactory 
1. EC = E l e c t r i c a l c o n d u c t i v i t y ; T D S = T o t a l d i s s o l v e d salts. 
Field Plant s tand 
emergence at f ina l 
( % ) - harvest ( % ) 
Plant m o r t a l i t y ( % ) = x 100 
F i e l d emergence ( % ) 
season e x p e r i m e n t we re also tested. T h e genotypes we re 
sown in the ra iny season o f 1997 ( J u l y - N o v e m b e r ) , in f i ve 
rows, each 3 m in length, in the same plots where the previous 
season exper iment was conducted. The same dataset, except 
the d e f i c i e n c y s y m p t o m s o f co ty ledons , was recorded . 
The EC o f i r r i ga t i on water and to ta l d i sso lved salts 
( T D S ) were h i gh (Tab le 1). Consequent ly after conduc t ing 
the summer season exper iment the soi l EC
 1 2 5 was also qui te 
h i g h (0 .65 dS n r 1 ) . The observat ions on the 20 ge rmp lasm 
accessions w h i c h were tested d u r i n g bo th the s u m m e r 
and ra iny c r o p p i n g seasons showed h igher p lant mor ta l i t y 
in the ra iny season (24 .3-69.2%) than in the summer c ropp ing 
season ( 1 2 . 6 - 5 7 . 9 % ) . H o w e v e r , the p o d y i e l d was h igher 
( 2 7 - 1 0 1 . 4 g m - 2 ) in the ra iny season than in summer ( 2 7 . 7 -
50 g m - 2 ) ( T a b l e 2 ) . In the s u m m e r c rop p o d y i e l d was 
h ighest ( 50 g n r 2 ) in the genotypes I C G 1467 and I C G 8 8 1 , 
whereas in the r a i n y season p o d y i e l d was h ighest i n the 
g e n o t y pe I C G 1235 (101 .4 g m - 2 ) , f o l l o w e d b y I C G 1204 
(87 .4 g n r 2 ) a n d I C G 1237 (82 .9 g m - 2 ) . Thus the seasonal 
v a r i a t i o n f o r p o d y i e l d i n g r o u n d n u t accessions was qu i te 
d is t inct . The de f ic iency symptoms ra t ing o f the co ty ledons 
recorded in summer was low (+ ) in I C G 1001 and I C G 1337, 
w h i l e i n most o f the accessions tested i t was m e d i u m ( + + ) 
(Tab le 2) . 
I n the expe r imen t conduc ted d u r i n g r a i n y season w i t h 
28 released cu l t ivars, T A G 24 showed the highest mor ta l i t y 
(91 .8%) wh i l e M 145 showed (34.6%). Pod y ie ld of d i f ferent 
cu l t i va rs also va r ied s i gn i f i can t l y and ranged be tween 2.4 
g m - 2 ( in T A G 24) and 145.4 g m - 2 ( in Karad 4-11) . In general, 
p o d y i e l d was h i g h in V i rg in ia types (Arach is hypogaea 
subsp hypogaea va r hypogaea), e .g. , T 28 (121 .7 g m-1), 
R S B 87 (110.4 g m -2), Punjab 1 (108.5 g m -2), and K a d i r i 2 
(107.1 gm - 2 ) (Tab le 3). 
Th is study showed large geno typ ic and seasonal va r i a -
t i ons fo r sa l in i t y to lerance in g r o u n d n u t accessions and 
cu l t ivars . Howeve r , fur ther screening fo r sa l in i ty to lerance 
o f the large gene p o o l o f g r o u n d n u t , and de ta i l ed studies 
on the to lerance mechan i sm are requ i red to u t i l i ze genet ic 
va r i ab i l i t y fo r sa l in i t y to le rance. Subsequent exper imen ts 
conduc ted b y N R C G o n the amendmen ts o f sa l ine so i l b y 
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Tab le 2. P lant morta l i ty ( % ) , pod yield, and deficiency symptoms on the cotyledons of some of the groundnut accessions 
screened for sal inity tolerance under saline wa te r i r r igat ion a t M u n d r a , G u j a r a t , I n d i a , s u m m e r and ra iny c ropp ing 
seasons of 1997 . 
Genotype 
ICG 1045 
ICG 1467 
ICG 920 
ICG 1017 
ICG 1204 
ICG 881 
ICG 1185 
ICG 1001 
ICG 898 
ICG 887 
ICG 828 
ICG 2106 
ICG 1337 
ICG 1273 
ICG 974 
ICG 1673 
ICG 1235 
ICG 1237 
ICG 967 
ICG 1465 
SE 
Plant mortal i ty (%) 
Summer 
57.1 
40.0 
43.2 
24.2 
31.5 
23.6 
17.6 
32.6 
20.7 
22.0 
12.6 
53.3 
32.0 
32.7 
43.4 
54.5 
20.0 
42.8 
57.9 
36.5 
±3.61 
Rainy 
41.0 
52.3 
43.5 
46.1 
50.9 
30.0 
31.9 
47.2 
50.2 
43.9 
24.3 
69.2 
42.1 
47.6 
40.4 
62.1 
47.7 
39.4 
51.5 
45.8 
±3.11 
Pod y ie ld (g m -2) 
Summer 
36.1 
50.0 
37.5 
27.7 
40.0 
50.0 
29.1 
27.7 
44.4 
47.2 
27.7 
27.7 
29.7 
27.7 
44.4 
27.7 
37.5 
30.5 
37.5 
36.1 
±1.70 
Rainy 
74.4 
47.0 
49.2 
58.5 
87.4 
55.0 
77.7 
30.7 
34.0 
51.1 
55.5 
40.7 
50.4 
72.5 
73.7 
27.3 
101.4 
82.9 
55.1 
80.0 
±6.18 
Deficiency 
symptoms 
rating1 
+ + 
+++ 
+ + 
+ + 
+++ 
+ + 
+++ 
+ 
+ + 
+ + 
+ + 
+ + 
+ 
+++ 
++ 
+ + 
++ 
+ + 
+ + 
+ + 
1 . D e f i c i e n c y o f b o r o n o r c a l c i u m o r c o m b i n a t i o n o f bo th reco rded i n s u m m e r c r o p p i n g season: + = L o w ; ++ = M e d i u m ; + + + = H i g h . 
Tab le 3. Plant mortal i ty and pod yield of groundnut culti-
vars under saline w a t e r i r r iga t ion a t M u n d r a , G u j a r a t , 
I n d i a d u r i n g ra iny season 1997. 
Cult ivar 
Karad 4-11 
Punjab 1 
RS 1 
Chitra 
Somnath 
M 335 
Kaushal 
UF-70-103 
DRG 17 
C S M G 84-1 
BG 2 
T 28 
RSB 87 
Kadir i 2 
T M V 10 
T 64 
BAU 13 
BG 3 
M 145 
A L R 1 
ICGS 76 
ICGV 86325 
Kadir i 3 
ICGS 5 
TG 26 
T A G 24 
TG 22 
T K G 19A 
SE 
Botanical 
t ype 1 
VR 
VR 
VR 
VR 
VR 
VR 
VR 
VR 
VR 
VR 
V B 
V B 
V B 
V B 
V B 
VB 
V B 
V B 
VB 
VB 
V B 
V B 
V B 
V B 
SB 
SB 
SB 
SB 
-
Plant 
morta l i ty 
(%) 
39.9 
42.9 
38.9 
47.2 
50.9 
53.6 
41.7 
62.8 
68.4 
74.8 
55.6 
45.6 
43.4 
37.1 
36.9 
50.6 
56.1 
56.9 
34.6 
56.8 
60.8 
64.7 
70.2 
76.5 
77.6 
91.8 
50.5 
55.8 
±1.82 
Pod 
yield 
(g m-2) 
145.4 
108.5 
103.8 
102.3 
90.0 
75.3 
62.1 
57.4 
34.6 
50.2 
82.0 
121.7 
110.4 
107.1 
95.6 
92.0 
72.0 
68.2 
82.9 
60.3 
43.5 
30.1 
28.1 
21.8 
17.0 
2.4 
46.2 
72.3 
±4.2 
1 . VR = V i r g i n i a r u n n e r ; VB = V i r g i n i a b u n c h ; and SB = Span ish 
b u n c h . 
g y p s u m and po tass ium as nu t r ien ts s h o w e d e n c o u r a g i n g 
resul ts. Use o f to lerant genotype coup led w i t h so i l a m e n d -
men ts appears to be a feas ib le approach f o r c u l t i v a t i o n o f 
g r o u n d n u t in the sa l t -a f fec ted costa l reg ions . 
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Yield Maximizat ion of Postrainy 
Season Groundnut through Polythene 
F i lm Mulch Technology in Western 
Maharashtra, India 
D K Kathmale, M S Ramble, J D Jadhav, and R C Patil 
(Agricultural Research Station, K Digraj , Sangli 416 305, 
Maharashtra, India) 
T h e average p r o d u c t i v i t y o f s u m m e r g r o u n d n u t i n 
Maharashtra state of Ind ia is 1.26 t ha -1, w h i l e that in western 
Maharash t ra p l a i n zone is about 2.5 t ha - 1 . T h e area under 
s u m m e r g r o u n d n u t i n the r e g i o n i s i n c r e a s i n g . In th i s 
r eg ion s u m m e r g r o u n d n u t is s o w n be tween 15 January 
and 15 February depending upon the preva i l ing temperatures. 
I f the s o w i n g i s de layed , the c rop i s l i k e l y to be a f fec ted 
by p r e - m o n s o o n o r ear ly m o n s o o n showers and i f the 
crop is sown early the crop is affected due to low temperature. 
Use o f po l y t hene f i l m m u l c h can increase the s u m m e r 
g r o u n d n u t p r o d u c t i o n b y tempera tu re r e g u l a t i o n a n d 
mo i s tu re conse rva t i on . 
I n th is study n o n - m u l c h g roundnu t ( N M G ) , straw m u l c h 
g roundnu t ( S M G ) , and po ly thene m u l c h g roundnu t ( P M G ) 
on f la t bed ( F B ) as w e l l as on b road-bed and f u r r o w ( B B F ) 
systems we re tested d u r i n g s u m m e r in 1998 and 1999 a t 
the A g r i c u l t u r a l Research S t a t i o n , K D i g r a j , S a n g l i , 
Maharash t ra . The e x p e r i m e n t was l a i d ou t in a sp l i t p l o t 
des ign w i t h s ix t rea tment c o m b i n a t i o n s , rep l i ca ted f o u r 
t imes . G r o u n d n u t va r i e t y I C G S 11 was s o w n in the f i r s t 
week o f February w i t h 25 kg n i t rogen ha - 1 + 50 kg P2O5 ha - 1 
as a basal a p p l i c a t i o n . Soybean s t raw at 5 t ha -1 ( t o t reat -
ment plots) was appl ied un i fo rm ly on the surface immed ia te ly 
af ter s o w i n g . A t ransparent p o l y t h e n e f i l m o f 9 0 0 m m 
w i d t h a n d o f 0 .01 m m th ickness was spread over the so i l 
sur face and be fo re s o w i n g secured on the sides o f the 
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p l o t w i t h so i l . S o w i n g was done t h r o u g h the ho les made 
in the f i l m a t 45 cm x 15 cm spac ing . T w o sprays o f 
M o n o c r o t o p h o s ® 36 EC a t 0 . 0 5 % f o r the c o n t r o l o f 
Spodoptera litura and one spray of ca rbendaz im at 0 . 0 5 % 
f o r the c o n t r o l o f lea f spots we re g i v e n . D u r i n g the c rop 
g r o w t h pe r i od 10 i r r iga t ions were app l i ed at 10- to 12-day 
in te rva ls . 
T h e resul ts i nd i ca ted that the y i e l d o f s u m m e r g r o u n d -
nu t d i d not d i f f e r s i gn i f i can t l y due to FB and B B F systems 
( T a b l e 1). H o w e v e r , h i ghe r net returns we re recorded un-
der B B F than FB systems (Tab le 2) . P M G recorded s ign i f i -
can t l y h i ghe r s h e l l i n g percentage than N M G and S M G , 
h i g h e r sound ma tu re seeds percentage than N M G , and 
greater 100-seed mass than N M G (Tab le 1). C h o i and 
C h u n g ( 1 9 7 7 ) repor ted 2 . 5 - 4 % h igher she l l i ng percentage 
and seed mass i n P M G than N M G i n K o r e a . 
P M G recorded m a x i m u m d r y p o d y i e l d o f 4 . 1 1 h a - 1 and 
d r y h a u l m y i e l d o f 7.4 t ha"1 w h i c h i s 4 1 . 9 % and 1 3 . 8 % 
h ighe r than N M G and 1 9 . 8 % and 4 . 8 % h ighe r than S M G , 
respec t i ve l y . P M G also reco rded 8 days ear ly m a t u r i t y 
than N M G . H u e t a l . (1996) repor ted 2 0 - 5 0 % h igher y ie lds 
i n P M G o v e r c o n t r o l i n C h i n a . D u r i n g 1998 g r o u n d n u t 
t r ia ls o f the A l l I n d i a C o o r d i n a t e d Research Pro jec t c o n -
duc ted at 9 loca t ions reco rded an average 2 2 . 6 % and 
2 1 . 6 % h ighe r d r y p o d y i e l d i n B B F and F B respect ive ly i n 
P M G than i n c o n t r o l . 
E c o n o m i c analys is revea led that greater gross re tu rns , 
net re tu rns , and b e n e f i t x o s t ra t i o w e r e reco rded i n B B F 
than i n FB systems. P M G reco rded greater gross re turns 
a n d net re turns than S M G and N M G (Tab le 2 ) . H o w e v e r , 
greater b e n e f i t x o s t ra t i o was observed i n S M G f o l l o w e d 
by P M G . 
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Table 2. Effect of seedbed forms and mulches on economics 
of groundnut in Vertisols o f M a h a r a s h t r a , I n d i a , d u r i n g 
s u m m e r in 1998 and 1999. 
Treatment1 
Seedbed fo rms 
B B F 
FB 
M u l c h e s 
N M G 
S M G 
P M G 
Gross 
returns 
(Rs ha-1) 
54096 
49312 
43260 
51335 
60501 
Cost of 
cult ivation 
(Rs ha-1) 
11013 
10527 
10091 
10819 
13894 
Net 
returns 
(Rs ha-1) 
43083 
38785 
33169 
40516 
46607 
Benef i txost 
ratio 
4.91 
4.68 
4.29 
4.75 
4.35 
1 . B B F = B r o a d - b e d and f u r r o w ; FB = F la t b e d ; N M G = N o n - m u l c h 
g r o u n d n u t ; S M G = S t raw m u l c h g r o u n d n u t ; P M G = P o l y t h e n e 
m u l c h g r o u n d n u t . 
T a b l e 1 . Effect of seedbed forms and mulches on yield and yield attr ibutes of summer groundnut ( I C G S 11) in Vertisols 
o f M a h a r a s h t r a , I n d i a in 1998 and 1999. 
Treatment1 
Seedbed forms 
B B F 
FB 
SE 
C D (5%) 
Mulches 
N M G 
S M G 
P M G 
SE 
C D (5%) 
C V (%) 
Seedbed x mulch 
Y ie ld (t ha-1) 
Pod 
3.62 
3.28 
±0.2 
NS3 
2.86 
3.43 
4.06 
±0.12 
0.48 
7.06 
NS 
Haulm 
6.88 
6.69 
±0.05 
NS 
6.39 
6.70 
7.27 
±0.05 
0.20 
5.04 
NS 
Seed 
2.60 
2.35 
±1.06 
NS 
2.03 
2.46 
2.93 
±0.08 
0.32 
6.57 
NS 
Days to 
matur i ty 
120 
120 
120 
116 
112 
Shelling 
(%) 
71.7 
71.5 
±0.3 
NS 
70.5 
71.9 
72.4 
±0.13 
0.42 
1.30 
NS 
100-seed 
mass (g) 
43.0 
44.0 
±0.9 
NS 
41.1 
43.5 
45.9 
±1.0 
3.1 
6.6 
NS 
SMS2 
(%) 
94 
94 
±0.4 
NS 
93 
94 
95 
±0.5 
1.7 
2.7 
NS 
1 . B B F = B r o a d - b e d and f u r r o w ; FB = F la t b e d ; N M G = N o n - m u l c h g r o u n d n u t ; S M G = S t raw m u l c h g r o u n d n u t ; P M G = P o l y t h e n e m u l c h 
g r o u n d n u t . 
2 . S M S = S o u n d ma tu re seeds. 
3 . NS = N o t s i g n i f i c a n t 
R C Samui and S B Ambhore (Department of 
Agronomy, Bidhan Chandra Krishi Viswavidyalaya, 
Krishiviswavidyalaya PO, Mohanpur, Nadia 741 252, 
West Bengal, India) 
A field exper iment was carr ied out at the ins t ruct ional fa rm 
o f the u n i v e r s i t y [ B i d h a n Chandra K r i s h i V i s w a v i d y a l a y a 
( B C K V ) ] located at Mohanpur in West Bengal dur ing 1998/99 
t o s tudy the effect o f p o l y t h e n e f i l m m u l c h o n g r o w t h and 
y i e l d o f pos t r a iny season ( r a b i ) g r o u n d n u t . C h o i and 
C h u n g ( 1 9 9 7 ) s tudied the effect o f po ly thene m u l c h i n g o n 
g r o w t h and p r o d u c t i v i t y o f g r o u n d n u t a t S a w o n i n South 
K o r e a . T h e y observed 4 4 % h ighe r p o d y i e l d and 5 6 % 
h ighe r seed y i e l d i n m u l c h e d ove r n o n - m u l c h e d p lo ts . 
Benef ic ia l effect of m u l c h i n g has been reported by different 
workers ( D e v i Daya l et a l . 1991, Gao 1993). In West Bengal , 
r ab i g r o u n d n u t i s gene ra l ly g r o w n in r ive rbeds a n d r ice 
f a l l o w s u t i l i z i n g the res idual mo i s tu r e ; howeve r , l o w t em-
perature d u r i n g the p o s t r a i n y season is a cons t ra in t for 
g r o w t h and d e v e l o p m e n t o f the c r o p . So, po ly thene f i l m 
m u l c h m a y be useful under such s i tua t ions by increas ing 
soil temperature and conserving soil moisture. The experiment 
was la id out in randomized b lock design w i t h 6 repl icat ions. 
T h e so i l o f the e x p e r i m e n t a l f i e l d was s andy loam h a v i n g 
p H 6.9, 0 . 8 % organ ic ca rbon , 0 . 0 5 8 % to ta l n i t r o g e n ( N ) , 
39.8 kg ha - 1 ava i l ab le P2O5 , and 155 kg ha - 1 ava i lab le K 2 O . 
G r o u n d n u t was f e r t i l i zed w i t h 2 0 k g N , 6 0 k g P2O5 , and 4 0 
kg K2O ha-1 as basal a p p l i c a t i o n . G y p s u m at 2 5 0 kg ha - 1 
was appl ied 5 0 % as basal and remain ing 5 0 % as top dressing 
a t 30 days after s o w i n g ( D A S ) . T h e t reatments consis ted: 
( 1 ) B r o a d - b e d and f u r r o w ( B B F ) ( 6 0 c m bed w i t h 1 5 c m 
f u r r o w on both sides accommoda t ing three rows o f g r o u n d -
n u t 3 0 c m apar t ) w i t h po ly thene f i l m m u l c h . T h e bed was 
cove red w i t h t h i n gauge p o l y t h e n e and the seeds were 
placed by p ierc ing the polythene; (2) B B F wi thou t p o l y t h e n e 
f i l m m u l c h ; ( 3 ) Flat bed ( F B ) ( w i t h u n i f o r m r o w s , spac ing 
o f 3 0 c m ) w i t h p o l y t h e n e f i l m m u l c h ; ( 4 ) F B w i t h o u t 
po ly thene f i l m m u l c h . T h e geno type used was I C G S 4 4 . 
T h e s o w i n g was done on 10 N o v e m b e r 1998 and was 
harvested o n 2 4 A p r i l 1999. I n case o f po ly thene m u l c h i n g , 
the po ly thene m u l c h was a p p l i e d t o the w h o l e f i e l d and i t 
was kep t u n t i l harvest of the c rop . T h e p l o t size was 6 m x 
5 m . The effect o f po ly thene m u l c h o n var ious g r o w t h and 
y i e l d characters o f g r o u n d n u t i s discussed. 
Effect on emergence and plant stand 
Poly thene f i lm m u l c h i n g resu l ted in ear l ier emergence in 
bo th B B F and FB systems. Plant p o p u l a t i o n i m p r o v e d due 
t o poly thene f i l m m u l c h . The B B F m e t h o d recorded h ighe r 
p lan t p o p u l a t i o n i n m u l c h e d c o n d i t i o n than i n n o n -
m u l c h e d c o n d i t i o n . 
Effect on growth characters 
Shoot d r y mass was s i g n i f i c a n t l y h ighe r in m u l c h e d p lo t s 
than in n o n - m u l c h e d p lo t s a t 30 and 60 D A S . R o o t d r y 
mass was also s i g n i f i c a n t l y h ighe r in m u l c h e d than in 
n o n - m u l c h e d p lo ts a t 60 D A S . Such increase in d r y mat ter 
p r o d u c t i o n due to m u l c h i n g was earl ier r epor ted by W a n g 
and L i ( 1 9 8 7 ) and M u e t a l . ( 1 9 8 4 ) . A t 9 0 D A S shoot and 
roo t d r y mass increased in m u l c h e d c o n d i t i o n bu t the in-
crease was s ta t i s t i ca l ly no t s i gn i f i c an t ( T a b l e 1). 
N u m b e r o f nodules per p lan t was h i g h e r i n m u l c h e d 
plots w i t h bo th B B F and F B methods ove r the i r respect ive 
n o n - m u l c h e d t reatments a t 30 a n d 60 D A S ; whereas the 
increase i n n u m b e r o f nodu les per p lan t a t 9 0 D A S was 
s ta t i s t ica l ly no t s ign i f i can t . T h e B B F p l o t w i t h m u l c h 
recorded 3 5 . 1 2 % and 4 7 . 7 2 % increase in number o f nodules 
per p lan t and FB recorded 2 2 . 4 9 % and 1 1 . 4 % increase 
over the i r n o n - m u l c h e d cond i t i ons a t 30 and 60 D A S . T h e 
increase i n n u m b e r o f nodules per p lan t m a y be due t o 
increased so i l temperature b y po ly thene f i l m m u l c h . M u e t 
a l . ( 1 9 8 4 ) ear l ier have r epor t ed increased nodu la t i ons and 
N - f i x i n g e f f i c iency o f Rh izobium, 
M u l c h e d p lo t s i n F B sys tem r eco rded s i g n i f i c a n t l y 
h igher n u m b e r o f branches per p l an t than i n n o n - m u l c h e d 
p lo t s ( T a b l e 1). A t 3 0 D A S and 6 0 D A S bo th B B F and F B 
systems recorded s ign i f i can t ly h ighe r n u m b e r o f branches 
per p l an t c o m p a r e d to the n o n - m u l c h e d p lo t s . 
Effect on flowering 
Flower ing started 4 days earlier in mulched plots as compared 
t o n o n - m u l c h e d p lo t s . N o n - m u l c h e d p lo t s t o o k 4 4 days t o 
f l o w e r w h i l e the m u l c h e d plots t ook 40 days t o f l o w e r . T h e 
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5 0 % f l o w e r i n g and 7 5 - 1 0 0 % f l o w e r i n g were also recorded 
7 days ear l ie r in m u l c h e d p lo t s . The ear l ier emergence o f 
the seedl ings m i g h t be due to increas ing so i l tempera ture 
by m u l c h i n g technique. S imi la r results were earlier reported 
by Ye e t a l . ( 1 9 8 6 ) and C h o i and C h u n g (1997) . 
Effect on pod development and yield 
A t 105 D A S , B B F m e t h o d w i t h m u l c h recorded s i g n i f i -
c a n t l y h i g h e r n u m b e r o f pods per p lan t compared t o the 
n o n - m u l c h e d B B F bu t there was no s ign i f ican t d i f ference 
be tween m u l c h e d and n o n - m u l c h e d F B p lo ts . A t 105 
D A S , the m u l c h e d B B F system recorded 5 9 . 6 1 % h igher 
n u m b e r o f d e v e l o p e d pods per p l an t c o m p a r e d t o n o n -
m u l c h e d B B F system whereas mulched FB system recorded 
3 2 . 3 8 % higher number o f developed pods per plant. S imi la r 
resul ts w e r e ear l ier repor ted by Ye e t a l . ( 1 9 8 6 ) and C h o i 
and C h u n g (1997) . 
Po ly thene m u l c h i n g resul ted in h ighe r p o d d r y mass 
than n o n - m u l c h e d plots in bo th B B F and FB systems a t 75 
D A S but no t a t 105 D A S . I n bo th B B F and F B methods 
m u l c h treatments recorded s ign i f i can t ly h igher p o d y ie lds 
than n o n - m u l c h e d t reatments (Tab l e 2) . M u l c h t rea tment 
r ecorded 4 0 . 6 % and 5 0 . 9 % increase in p o d d r y mass in 
B B F a n d F B m e t h o d s r e s p e c t i v e l y o v e r n o n - m u l c h 
t r ea tment . S i m i l a r results were earlier recorded by Ye et a l . 
(1986) , D e v i D a y a l e t a l . (1991) , and G a o ( 1 9 9 3 ) . 
Effect on haulm yield 
B o t h B B F and F B methods recorded h ighe r d r y h a u l m 
y i e l d under m u l c h e d cond i t i ons than n o n - m u l c h e d c o n d i -
t i ons bu t the d i f fe rence was not s ign i f i can t . M u l c h e d 
c o n d i t i o n s recorded 5 4 % increase i n d r y h a u l m y i e l d o f 
g r o u n d n u t o v e r n o n - m u l c h e d c o n d i t i o n i n B B F m e t h o d 
and 4 1 . 4 3 % i n F B m e t h o d . C h o i and C h u n g ( 1 9 9 7 ) also 
had r epo r t ed such increase i n h a u l m y i e l d o f g r o u n d n u t 
under m u l c h e d c o n d i t i o n . 
Effect on oil content, seed yield, and oil yield 
O i l conten t i n g r o u n d n u t seeds i n m u l c h e d t reatments 
was s i g n i f i c a n t l y h ighe r than n o n - m u l c h e d t reatments 
( T a b l e 2 ) . The B B F system w i t h m u l c h recorded highes t 
seed and o i l y i e l d f o l l o w e d b y F B w i t h m u l c h and lowes t 
y i e ld s w e r e recorded o n F B w i t h o u t m u l c h treatment. Th i s 
increase in y i e l d in m u l c h treatment m i g h t be due to h igher 
s h e l l i n g percentage, 100-seed mass, deve loped pods, and 
o i l con ten t i n m u l c h e d p lo t s than i n n o n - m u l c h e d p lo t s . 
T h e results co r robora te the f i n d i n g s o f C h o i and C h u n g 
( 1 9 9 7 ) w h o repor ted h i g h e r y i e l d o f g r o u n d n u t due t o 
p o l y e t h y l e n e m u l c h a p p l i c a t i o n . 
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Economics of polythene film mulching 
Poly thene f i l m m u l c h gave h ighe r mone ta r y re tu rn ove r 
respective n o n - m u l c h t reatment (Tab le 3). The B B F and FB 
systems under m u l c h e d cond i t i on gave h igher benef i t : cost 
rat io than under non-mu lched cond i t ion . I t can be conc luded 
f r o m the expe r imen t that p o l y e t h y l e n e f i l m m u l c h i n g 
i m p r o v e s g r o w t h characters, y i e l d a t t r ibu tes , and y i e l d o f 
g roundnut and monetary return in both B B F and FB systems 
o f g roundnu t c u l t i v a t i o n ; howeve r , F B system w i t h m u l c h 
was bet ter t han B B F system w i t h m u l c h . 
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Tab le 3. Economics of polythene f i lm mulching in groundnut . 
Treatment1 
BBF wi th mulch 
B B F without mulch 
FB wi th mulch 
FB without mulch 
Gross 
return2 
(Rs) 
35693 
25254 
34381 
22861 
Treatment 
cost3 
(Rs) 
6605 
5785 
4805 
3985 
Cost of 
cult ivation 
(Rs) 
15105 
14285 
13305 
12485 
Net 
return 
(Rs) 
20588 
10974 
21076 
10376 
Benefit : 
cost ratio 
1.36 
0.76 
1.58 
0.83 
1 . B B F = B r o a d - b e d and f u r r o w ; FB = F la t bed . 
2 . C a l c u l a t e d based o n data o n p o d y i e l d and h a u l m y i e l d g i v e n i n T a b l e 2 . V a l u e o f 100 k g p o d = R s 1400 .00 ; va lue o f 100 k g h a u l m = 
Rs 2 0 0 . 0 0 . 
3 . I nc l udes the cost o f p o l y t h e n e f i l m and i ts p l a c e m e n t as w e l l as the cost o f p repa ra t i on o f b e d . 
Table 2. Effect of polythene f i lm mulching on yield attributes of groundnut genotype I C G S 44 at M o h a n p u r , India dur ing 
1998 /99 postra iny season. 
Treatment1 
B B F wi th mulch 
BBF without mulch 
FB wi th mulch 
FB without mulch 
SEM 
CD (0.05) 
CV (%) 
Developed 
pods2 
(number plant-1) 
21.4 
13.4 
16.5 
16.2 
±2.44 
7.39 
10 
Dry mass of 
developed pods2 
(g m-2) 
396.7 
282.2 
407.8 
296.7 
±40.81 
NS 
11 
Pod 
yield 
(kg ha-1) 
2136 
1518 
2038 
1351 
±198.1 
596.9 
11 
Haulm 
yield 
(kg ha-1) 
3688 
2394 
4399 
3111 
±470.4 
1417.6 
13 
Oi l 
content 
(%) 
45.6 
44.3 
45.6 
44.6 
±0.319 
0.961 
0.7 
Seed 
yield 
(kg ha-1) 
1687 
1139 
1590 
972 
±168 
507 
12 
Oi l 
y ie ld 
(kg ha-1) 
769 
504 
725 
434 
±72.9 
219.7 
11 
1. B B F = B r o a d - b e d and f u r r o w ; FB = F la t b e d . 
2 . A t 105 days af ter s o w i n g . 
Oi l Recovery and Quality as Influenced 
by Foliar Diseases in Groundnut 
Genotypes 
B N Motagi1 , M V C Gowda1, and S N Nigam2 
( 1 . Department of Genetics and Plant Breeding, University 
of Agricultural Sciences, Dharwad 580 005, Karnataka, 
India; 2. International Crops Research Institute for the 
Semi-Ar id Tropics ( lCRISAT) , Patancheru 502 324, 
Andhra Pradesh, India) 
A b o u t 8 0 % o f to ta l g roundnu t p roduc t i on i n I nd ia i s 
c rushed f o r the ex t rac t ion o f o i l . Hence, imp rovemen t i n 
o i l y i e l d and qua l i t y i s o f interest to p lan t breeders and 
m i l l e r s . H o w e v e r , the fo l i a r diseases, late lea f spot 
(Phaeoisariopsis personata) and rust (Puccinia arachidis), 
w h i c h occur together w o r l d w i d e can cause cons iderable 
loss in y i e l d and qua l i t y . Th is study envisages to evaluate 
the g r o u n d n u t genotypes w i t h v a r y i n g levels o f resis-
tance to f o l i a r diseases fo r o i l recovery and qua l i t y under 
rust and late lea f spot ep idemics . 
The genotypes in the study inc luded one fo l ia r diseases 
resistant mutan t ( 28 -2 ) , t w o cross der iva t ives ( D 3 9 d and 
B37c) in Spanish background, f ive fo l iar diseases susceptible 
cu l t ivars ( JL 24 , T M V 2 , T A G 24 , Dh 8 , and R 8808) , one 
fo l iar diseases resistant cul t ivar ( I C G V 86590) , and a breed-
ing l ine ( G B F D S 272) . They were assessed fo r o i l content , 
o i l y ie ld , and o i l qua l i ty [ (o le ic ac id / l ino le ic ac id rat io ( O / L 
ra t i o ) ] , under diseased and pro tec ted cond i t i ons . The 
c rop was protected by sp ray ing c h l o r o t h a l o n i l a t 0 . 2 % . 
Each genotype was raised in f ive rows of 5 m in leng th in 
three rep l ica t ions . O i l content was de te rm ined by nuc lear 
magnet ic resonance ( N M R ) techn ique (Jambunathan e t 
al . 1985). Fatty acid content was estimated f o l l o w i n g Mercer 
e t a l . (1990) . F r o m the fa t ty ac id data, O / L ra t io was c o m -
pu ted . In each geno type , p o d y i e l d ( t ha - 1) was m u l t i p l i e d 
by she l l i ng ou t - tu rn (%) and o i l content (%) to de r i ve o i l 
y i e l d ( t ha -1). 
A s ign i f i can t loss in o i l y i e l d but o n l y ma rg i na l change 
in O / L ra t io was observed due to fo l i a r diseases (Tab le 1), 
w h i c h is in con fo rm i t y w i t h an earl ier report ( D w i v e d i et a l . 
1993). Howeve r , genotypes under diseased c o n d i t i o n d i f -
fered s ign i f i can t l y fo r o i l y i e l d , w i t h suscept ib le cu l t i va rs 
reco rd ing ve ry l o w values. 
The fo l iar diseases resistant mutant and cross der ivat ives 
ma tu red ear ly and gave h i g h o i l y i e l d as c o m p a r e d to 
Tab le 1. Per formance of groundnut genotypes for resistance to foliar diseases, and oil yield and quality at the University 
of A g r i c u l t u r a l Sciences, D h a r w a d , I n d i a , 1998 ra iny season1. 
Genotype 
Mutant 
D39d 
B37c 
Dh 8 
R 8808 
JL 24 
T M V 2 
TAG 24 
1CGV 86590 
GBFDS 272 
Mean 
CD (5%) 
CV (%) 
FDS2 Days to 
maturity LLS 
100-105 5 
105-110 4 
110-115 4 
105-110 7 
105-110 8 
100-105 8 
100-105 9 
95-100 9 
110-115 8 
120-125 4 
-
-
-
Rust 
7 
3 
3 
8 
7 
8 
9 
8 
3 
2 
-
-
-
Oil yield 
(t ha-1) 
P 
1.40ab 
1.75a 
1.62ab 
1.11bc 
1.42ab 
1.23bc 
1.30bc 
1.09bc 
1.15bc 
1.43ab 
1.35 
0.22 
9.5 
UP 
1.18b (17) 
1.49a (15) 
1.22b (25) 
0.89bd (20) 
0.92bc (35) 
0.70cd (43) 
0.62cd (52) 
0.64cd(41) 
0.71 cd (38) 
1.07bc(25) 
0.94** (30) 
0.21 
13.0 
Shelling out-turn 
(%) 
P 
69.6b 
79.0a 
76.5a 
68.1b 
68.7b 
69.8b 
70.3b 
70.4b 
59.8c 
62.2c 
69.5 
2.8 
2.3 
UP 
69.1 bc 
78.7a 
71.8b 
64.7c 
69.8bc 
67.6bc 
66.3bc 
66.7bc 
57.0d 
59.4d 
67.0* 
3.6 
3.1 
Oil content 
(%) 
P 
46.6b 
48.5a 
45.0cd 
42.7e 
44.5cd 
44.0cd 
40.4f 
42.7e 
45.2c 
46.5b 
44.6 
1.0 
1.0 
UP 
44.9b 
48.0a 
43.1b 
40.6c 
40.9c 
43.7b 
39.8cd 
38.3cd 
39.9cd 
43.5b 
42.3** 
2.0 
2.4 
O/L ratio 
(%) 
P 
0.99f 
1.75a 
1.30c 
1.50b 
0.88g 
0.96e 
1.15d 
1.07e 
0.89g 
1.50b 
1.20 
0.04 
2.0 
UP 
0.96e 
1.78a 
1.34c 
1.36c 
0.90e 
0.96e 
1.10d 
0.97e 
0.92e 
1.56b 
L18 1 
0.08 
4.0 
1. P = P ro tec ted ; UP = U n p r o t e c t e d . F igures in parentheses ind ica te r e d u c t i o n (%) . 
* , * * deno te s i gn i f i cance o f d i f f e rence be tween U P and P a t 5 % and 1 % leve l o f p r o b a b i l i t y , r espec t i ve l y . 
F igu res w i t h same let ters i n a c o l u m n do no t d i f f e r s i g n i f i c a n t l y a t 5% leve l o f p r o b a b i l i t y . 
2. F D S - F i e l d disease score ( 1 - 9 sca le) , w h e r e 1 - 0 % , 2 = 1 -5%, 3 = 6 - 1 0 % , 4 = 1 1 - 2 0 % , 5 = 2 1 - 3 0 % , 6 = 3 1 - 4 0 % , 7 = 4 1 - 6 0 % , 
8 = 6 1 — 8 0 % , and 9 = 8 1 - 1 0 0 % damage to f o l i a g e ; L L S = La te l ea f spot . 
3 . N o t s i g n i f i c a n t . 
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res is tant b r e e d i n g l i ne G B F D S 2 7 2 . T h e cross d e r i v a t i v e , 
D 3 9 d , r eco rded h ighes t o i l y i e l d (1 .75 t h a 1 ) w i t h least 
r e d u c t i o n ( 1 5 % ) due to f o l i a r diseases. I ts o i l was charac-
ter ized by h i g h O / L ra t io (1 .78) , revea l ing better nu t r i t i ona l 
a n d k e e p i n g q u a l i t y . I ts h i g h o i l y i e l d unde r d iseased 
c o n d i t i o n was espec ia l l y due t o h i g h o i l con ten t ( 4 8 % ) 
and s h e l l i n g o u t - t u r n ( 7 9 % ) . T h i s geno type c o u l d b e 
w i d e l y tested f o r its su i t ab i l i t y i n c o m m e r c i a l c u l t i v a t i o n 
and/or p r o f i t a b l y u t i l i zed in resistance b reed ing to i m p r o v e 
Spanish b u n c h g r o u n d n u t s . 
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Ut i l i zat ion 
W i l d Arachis Species: A Possible Source 
of Legume Fodder in India 
P K Ghosh1 and S K Bera (National Research Centre for 
Groundnut, Ivnagar Road, PB No. 5, Junagadh 362 001 , 
Gujarat, India; 1. Present address: Indian Institute of Soil 
Sciences, Nabibagh, Bhopal 462 038, Madhya Pradesh, 
India) 
I n Ind ia , an annual def ic i t o f about 3 0 % between ava i lab i l i t y 
and requ i remen t o f fo rage and f odde r has been v i sua l i zed . 
I n r ea l i t y , th is de f i c i t m a y b e a r o u n d 4 0 % because fo rage 
t h o u g h p o t e n t i a l l y ava i l ab le i n the c o u n t r y m a y n o t be 
ac tua l l y ava i l ab le t o an ima ls . T h i s i s poss i b l y one o f the 
reasons o f l o w p r o d u c t i v i t y o f l i v e s t o c k i n I n d i a . T h e 
d i v e r s i o n o f o ther f oods o r c o m m e r c i a l c r o p p e d area i s 
no t poss ib le f o r fo rage c u l t i v a t i o n because o f p re fe ren t i a l 
h u m a n f o o d and o ther e c o n o m i c c o m p u l s i o n s . U n d e r 
such c i r cumstances , one o f the poss ib le w a y s t o b r i d g e 
the w i d e gap be tween d e m a n d and s u p p l y i s t o ame l io ra te 
the fo rage resources t h r o u g h m a n a g e m e n t o f d r y l a n d s 
and /o r waste lands b y i n t r o d u c i n g n e w f o d d e r c rops . 
H e n c e , the s tudy was unde r taken t o f i n d ou t the n u t r i t i v e 
va lue o f w i l d Arachis species, w h i c h m a y be i n t r o d u c e d 
as a source of pe renn ia l f o d d e r in d r y l a n d / w a s t e l a n d ar-
eas. 
T h e w i l d Arachis species have been m a i n t a i n e d a t the 
N a t i o n a l Research Cent re f o r G r o u n d n u t ( N R C G ) , 
J u n a g a d h , G u j a r a t , I n d i a i n a s m a l l pas tu re s i nce last 
f i v e years. F i v e accessions o f w i l d Arachis species, 
A. hagenbeckii, A. prostrata, A. marginata, and 
A. glabrata, a l o n g w i t h three con t ro l s w e r e tested in a 
c o m p l e t e l y r a n d o m i z e d des ign w i t h th ree rep l i ca t i ons . 
T h e cont ro ls i nc l uded t w o cu l t i va ted species o f g r o u n d n u t 
(Spanish and V i r g i n i a t ypes) and whea t . C u l t i v a t e d 
g r o u n d n u t was s o w n in the e n d o f June 1997 w i t h 1.25 g 
n i t rogen and 2.5 g P2O5 m -2 and was harvested in the second 
f o r t n i g h t o f Oc tober . Whea t was s o w n o n 1 9 N o v e m b e r 
1997 w i t h 12 g n i t rogen and 5 g P2O5 m -2 and was harvested 
on 7 M a r c h 1998. F i v e p lan t samples ( w h o l e p lan ts ) f rom 
each species w e r e r a n d o m l y cu t f r o m 5 cm above the 
g r o u n d leve l to s tudy d i f f e ren t n u t r i t i v e characters as a 
fodder , v i z . , d r y ma t te r ( D M ) , c rude p r o t e i n ( C P ) , c rude 
f ibe r ( C F ) , ash, s i l i ca , phosphorus (P) , po tass ium, and 
ether. Co l lec ted p lan t samples we re a i r d r i ed and then kep t 
in an o v e n at 6 5 ± 5 ° C t i l l the samples a t ta ined a cons tan t 
w e i g h t . T o t a l d r y mat te r was es t imated b y d e d u c t i n g d r y 
w e i g h t f r o m f resh w e i g h t and expressed i n percent . T o t a l 
phospho rus in the samples was d e t e r m i n e d by Vanada te -
m o l y b d a t e y e l l o w m e t h o d (Jackson 1973) . E ther con ten t 
was de te rm ined by Soxh le t m e t h o d . T h e c rude f i be r , ash, 
and s i l i ca w e r e es t imated by t rea t ing the fa t and m i x t u r e -
f ree sample w i t h su l f u r i c ac id ( 1 . 2 5 % ) a n d t hen s o d i u m 
h y d r o x i d e ( 1 . 25%) . Potassium content i n p lan t sample was 
determined f o l l o w i n g neutral 1N a m m o n i u m acetate method . 
N i t r o g e n con ten t (%) i n samp le was ana l yzed by 
m i c r o K j e l d a h l m e t h o d and then m u l t i p l i e d w i t h 6 .42 t o 
ob ta i n p r o t e i n con ten t in the samples . 
I n genera l , w i l d species had h i ghe r d r y ma t te r con ten t 
t han the c u l t i v a t e d species b u t the d i f f e rences w e r e n o t 
s ign i f icant (Tab le 1). A m o n g the w i l d species, A. marginata 
h a d the h ighes t d r y ma t te r con ten t w h i c h w a s s i g n i f i -
can t l y super io r o v e r c u l t i v a t e d species. W i l d species, i n 
gene ra l , had h i g h e r c rude p r o t e i n , h i g h e r c rude f i be r , and 
s i l i ca contents than c u l t i v a t e d g r o u n d n u t . H o w e v e r , 
whea t s t raw h a d m a x i m u m c rude f i be r and s i l i ca contents . 
A l l the w i l d species contained l o w ash and ether as compared 
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t o the c u l t i v a t e d g r o u n d n u t and whea t s t raw bu t had 
h ighe r P and crude p ro te in content than the three cont ro ls . 
Arachis marginata reco rded s i g n i f i c a n t l y h i ghe r P and 
c rude p r o t e i n as c o m p a r e d to o ther w i l d species. The P 
and c rude p ro te i n con ten t i n whea t s t raw was ve ry l o w . 
U s u a l l y , n u t r i t i o n a l l y des i rab le f odde r shou ld have h i g h 
d r y mat te r , p r o t e i n , and P contents w i t h less c rude f i be r , 
ash, and s i l i ca con ten t . Arachis prostrata m a i n t a i n e d nu-
t r i t i o n a l l y des i rab le q u a l i t y f o r f odde r as is ev iden t f r o m 
T a b l e 1 . M o r e o v e r , s ince these w i l d species are k n o w n to 
have resistance to f o l i a r diseases, bet ter q u a l i t y o f f odder 
f r om w i l d species than that o f cu l t i va ted g r o u n d n u t i s 
expec ted . Fur the r s tudy o f de ta i led qua l i t a t i ve characters 
of the t w o w i l d species A. marginata and A. prostrata is 
needed so that these species can be put in long- term pasture 
d e v e l o p m e n t in d r y l a n d or was te land areas to increase 
the a v a i l a b i l i t y o f fodder . 
A c k n o w l e d g m e n t . A u t h o r s are t h a n k f u l t o the D i rec to r , 
N R C G f o r g i v i n g constant encouragement i n c o n d u c t i n g 
the s tudy and also to Dr K S M u r t h y , A n i m a l Sc ient is t , 
Gu ja ra t A g r i c u l t u r a l U n i v e r s i t y , Junagadh , f o r h e l p i n g i n 
the ana lys is o f e ther and s i l i ca . 
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On- fa rm Participatory Evaluation of 
Groundnut Genotypes under Rainfed 
Conditions in Mahawi te Governorate, 
Yemen 
Saleha Al-Nahdi1 , C S Ward 1 , Mehdi2 , and 
Al-Bushariy2 (1. Wor ld Bank Off ice, Sana'a. PO Box 
18152, Republic of Yemen; 2. Ministry of Agriculture and 
Irrigation, Republic of Yemen) 
A b o u t 7 7 % o f the popu la t i on i n Y e m e n resides i n the ru ra l 
areas and is engaged in agr icu l tu re . In the last t w o decades, 
the contr ibut ion of agriculture to the nat ional gross domest ic 
p roduct ( G D P ) has dropped f rom 7 5 % to 1 8 % in 1999. Th i s 
dec l ine in the G D P c o n t r i b u t i o n has been caused by a 
n u m b e r o f fac tors such as m i g r a t i o n o f l abo r t o o the r 
countr ies or to urban areas w i t h i n the count ry , abandonment 
o f the agr i cu l tu ra l land and terraces, p o o r ag r i cu l t u ra l p r o -
d u c t i v i t y , eco log i ca l fac tors (er ra t ic and l o w r a i n f a l l , 
d rough t , f l oods , ex tens ive so i l and wa te r e ros ion , r e m o v a l 
of vegetative covers), and poor cul tural practices (cu l t i va t ion 
o f m o n o c r o p , espec ia l ly cereals, e.g. , s o r g h u m a n d m i l l e t , 
w i t h o u t c r o p ro ta t i on ) . 
W h e n m o r e than three m i l l i o n w o r k e r s re tu rned h o m e 
after the G u l f crisis in 1990, they had to fa l l back on agr icul ture 
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T a b l e 1 . N u t r i t i v e qual i ty ( % ) of cult ivated a n d wi ld Arachis as fodder, Junagadh , G u j a r a t , I nd ia , 1997/98. 
Genotype 
W i l d species 
A. glabrata 
A. prostrata 
A. glabrata 
( lG 8966; Pl 468363) 
A. hagenbackii 
A. marginata 
Mean 
Contro l 
Vi rg in ia type (cv Kadi r i 3) 
Spanish type (cv JL 24) 
Wheat straw (cv Lok 1) 
SE 
D r y 
matter 
32.37 
31.31 
31.25 
32.27 
33.25 
32.09 
30.25 
28.02 
32.00 
±0.0428 
Crude 
fiber 
25.83 
25.38 
29.75 
27.75 
26.58 
27.06 
21.00 
22.32 
36.70 
±2.105 
Ash 
9.42 
10.16 
9.16 
10.28 
10.02 
9.80 
14.30 
13.23 
17.82 
±0.771 
Silica 
0.91 
0.83 
1.07 
1.58 
1.06 
1.10 
0.85 
1.02 
1.92 
±0.111 
Phosphorus 
0.29 
0.22 
0.18 
0.22 
0.29 
0.24 
0.13 
0.15 
0.06 
±0.025 
Potassium 
0.61 
0.88 
0.75 
0.89 
0.73 
0.77 
1.60 
1.14 
0.48 
±0.144 
Ether 
extract 
2.38 
2.00 
2.08 
2.48 
1.89 
2.17 
2.62 
2.52 
2.91 
±0.110 
Crude 
protein 
14.51 
13.49 
11.85 
13.81 
15.26 
13.78 
10.30 
9.45 
2.32 
±1.244 
Socioeconomics 
i n these de te r io ra ted lands. In o rde r to s u r v i v e , t hey c o n -
t i n u e d t o e x p l o r e lands, even m a r g i n a l lands, w i t h o u t any 
i npu ts , v i z . , f e r t i l i ze rs , o rgan i c m a n u r e , i m p r o v e d c r o p 
var ie t ies , and p r o p e r a p p l i c a t i o n o f pest ic ides and f u n g i -
cides to cont ro l pests and diseases. These practices resul ted 
i n l o w y i e l d and p o o r q u a l i t y o f p r o d u c e and f u r t he r de -
ter iorat ion of the land resources. Th is d iscouraging si tuat ion 
forces the fa rmers to leave the i r t r ad i t i ona l homes and 
m i g r a t e to a l ready o v e r c r o w d e d u rban areas. T h e fa rmers 
are keen to cu l t i va te cash c rops due to l o w re tu rn f rom 
cereals. In the past, g r o u n d n u t c u l t i v a t i o n in sma l l areas 
was concen t ra ted i n T i h a m r e g i o n . B u t i t was abandoned 
later on due to t e rm i te p r o b l e m . In recent years , fa rmers in 
other regions o f the count ry have shown interest in g r o w i n g 
g r o u n d n u t . 
The m a i n ob jec t ive o f this on - fa rm evaluat ion o f g r o u n d -
nut genotypes was to i den t i f y , i n par tnersh ip w i t h fa rmers , 
the m o s t adapted g e n o t y p e w i t h stable p e r f o r m a n c e a n d 
expose fa rmers to g r o u n d n u t c r o p and its c u l t i v a t i o n to 
enab le t h e m to m a k e the i r c h o i c e o f a l ternate cash crops. 
Fa rme rs in f o u r p i l o t v i l l a g e s (A l - H o j o u l , A l - M a n a k , 
A l - H a d a n , and A l - K o r a n ) , w h e r e m a i n occupa t i on i s ag r i -
cu l t u re , w e r e app roached to par t i c ipa te i n the o n - f a r m 
eva lua t i on o f g r o u n d n u t geno types i n the i r f i e lds . M a n y 
i n f o r m a l d iscuss ions w e r e h e l d w i t h fa rmers t o secure 
the i r p a r t i c i p a t i o n under the f o l l o w i n g cond i t i ons : 
1 . The p ro jec t w i l l s u p p l y g r o u n d n u t seed to fa rmers . 
T h e y w i l l ca r r y ou t s o w i n g a n d o ther day - t o -day 
management operat ions under the gu idance and super-
v i s i o n o f p ro j ec t staf f . 
2 . T h e p ro jec t s ta f f w i l l m o n i t o r the t r ia ls a n d p r o v i d e 
diseases and pest c o n t r o l ma te r ia l s , i f needed . 
3 . The pro ject w i l l b u y back the produce o f g roundnu t f rom 
par t i c ipa t ing farmers to sell i t to other fa rmers nex t year. 
4 . I n the event o f c r o p f a i l u re , the p ro j ec t w i l l adequate ly 
compensa te the p a r t i c i p a t i n g fa rmers . 
I n 1 9 9 8 , f o u r f a r m e r s i n A l - K o r a n , t h ree f a r m e r s i n 
A l - H o j o u l , and t w o fa rmers i n A l - H a d a n pa r t i c i pa ted i n 
o n - f a r m t r ia ls . I n 1999 , n i ne fa rmers i n A l - K o r a n , e igh t 
farmers each in A l - M a n a k and A l - H o j o u l , and seven farmers 
in A l - H a d a n par t ic ipated in these tr ia ls. In a l l these v i l lages , 
fa rmers g r o w one c rop per year , m o s t l y cereals ( s o r g h u m , 
m i l l e t , a n d ma i ze ) , under r a i n f e d cond i t i ons . T h e so i ls are 
c lay s i l t o r s i l t and the c u l t i v a t i o n is e i ther on terraces or in 
wad i s . 
E leven i m p r o v e d var iet ies o f g r o u n d n u t we re ob ta ined 
f r o m I C R I S A T , Pa tanche ru , I n d i a . These va r i e t i es h a d 
d i f fe r ing g row th habit , c rop durat ion, and reaction to diseases 
and insect pests. T h e y w e r e eva lua ted w i t h l oca l va r i e t y 
Ba lad i (Tab le 1). In bo th years, the f ie lds we re prepared in 
t rad i t i ona l w a y us ing bu f fa loes . T h e t r ia ls w e r e h a n d 
s o w n i n r o w s w i t h i n te r row spac ing o f 80 c m ; seed t o seed 
distance w i t h i n a r o w was 10 c m . T h e y d i d not rece ive any 
o rgan i c m a n u r e , c h e m i c a l f e r t i l i ze rs , o r p lan t p r o t e c t i o n 
measures. W e e d i n g w a s done m a n u a l l y w h e n needed. 
T a b l e 1 . Par t ic ipatory o n - f a r m evaluat ion of new groundnut genotypes in four pilot villages of M a h a w i t e G o v e r n o r a t e , 
Y e m e n , 1998 a n d 1999. 
G e n o t y p e 
l C G V 86325 
ICGS 76 
l C G V 86590 
ICGS44 
ICGS 1 
ICGS 11 
I C G V 88409 
I C G V 94361 
ICGV91123 
I C G V 86564 
I C G V 88409 
B a l a d i ( con t ro l ) 
C r o p d u r a t i o n (days) 
Yemen 
130-140 
130-140 
130 -140 
130-140 
120-125 
130-140 
130 -140 
120-130 
110-120 
140 -150 
140-150 
140-150 
I C R I S A T 1 
120-125 
120-125 
110 -115 
120 -125 
110 -115 
120-125 
125-135 
90-100 
90 -100 
130 
130 
-
A v e r a g e p o d y i e l d ( t ha - 1 ) 
Yemen 
1998 
4.0 
2.5 
2.0 
1.5 
1.0 
1.0 
0.8 
0.9 
0.8 
0.6 
0.6 
0.9 
1999 
3.0 
1.5 
1.0 
1.0 
0.7 
0.5 
0.5 
0.7 
0.5 
0.5 
0.4 
0.7 
I C R I S A T 1 
3.0 
3.0 
1.5 
2.5 
2.0 
2.0 
1.5 
1.5 
1.6 
3.0 
3.5 
1 . A s r e p o r t e d i n I C R I S A T p u b l i c a t i o n s . 
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I n 1998, s o w i n g was comple ted du r i ng 14 -20 M a y i n A l -
K o r a n and A l - H o j o u l and on 6 June in A l - H a d a n . The p lo t 
size var ied from 2 l iban (l l iban = 65 m 2 ) to 8 l iban. In 1999, 
s o w i n g star ted f r o m 25 M a y i n a l l the f o u r v i l l ages and 
was c o m p l e t e d by 30 June. T h e p l o t size va r ied f r o m 0.25 
l i ban to 20 l i b a n . T h e p roduce o f 1998 was used as seed 
fo r 1999. 
A b o u t 6 0 0 - 8 0 0 mm ra in fa l l i s received d u r i n g the ra iny 
season ( M a y - S e p t e m b e r ) . In b o t h years, the crops expe-
r i enced d r o u g h t . I n 1998, t r ia ls we re under ear ly d rough t 
stress f o r t w o m o n t h s . R a i n f a l l was scanty i n June and in 
mos t par t o f Ju l y . H e a v y ra ins started f r o m the last week 
o f J u l y and caused severe damage. D u r i n g ear l y d rough t 
stress, m o s t o f the fa rmers lost the i r o ther c rops but 
g r o u n d n u t was able to w i t h s t a n d th is d r o u g h t spe l l . 
In 1999 , the c rops faced b o t h ear ly and late season 
d rough ts ( i n June, A u g u s t , Sep tember ) . D u e to these 
d rough ts , mos t o f the fa rmers lost t he i r so rghum and 
o ther c rops and had to under take r e - s o w i n g . W h e n these 
fa rmers saw g r o u n d n u t s t i l l g r o w i n g i n the i r n e i g h b o r i n g 
f i e l ds o f p a r t i c i p a t i n g fa rmers , they approached us f o r 
g r o u n d n u t seed. We c o u l d no t meet the i r requests as we 
had o n l y l i m i t e d quan t i t y o f seed. 
Other than grasshoppers at A l - H o j o u l and ' lea f y e l l o w i n g ' 
a t A l - K o r a n d u r i n g bo th years, no o ther diseases and 
pests we re f o u n d on the c rop . The ' l e a f y e l l o w i n g ' d i d not 
seem to a f fec t p o d y i e l d . The t r ia ls we re harves ted d u r i n g 
Sep tember and Oc tober . Pod y i e l d data f r o m each f i e l d 
we re p o o l e d to w o r k out average y i e l d f o r each year. T h e 
resul ts ob ta i ned are s u m m a r i z e d in Tab le 1 . 
Farmers were impressed w i t h g roundnu t c rop especia l ly 
w h e n they saw i t w i t h s t a n d i n g ear ly d rough t w h e n o ther 
c rops had f a i l e d . I C G V 86325 d i d w e l l even i n d r o u g h t 
stressed cond i t i ons . Its pods w e r e free f r o m damage by 
so i l bo rne insects o r f u n g i . The fa rmers were no t w i l l i n g to 
sel l the seed to us even t hough we o f fe red doub le the p r i ce . 
G r o u n d n u t c u l t i v a t i o n in Y e m e n is ve ry p ro f i t ab l e as i t 
fetches 1 2 0 - 1 8 0 Y e m e n i R i ya l ( Y R ) kg - 1 o f p o d s ( l U S $ = 
160 Y R ) compared to 3 0 - 5 0 YR kg - 1 for sorghum and mil lets. 
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G r o u n d n u t in C e n t r a l As ia 
Groundnut in Turkmenistan 
A N Durdiyev (Ministry of Agriculture and Water 
Resources, Management of Turkmenistan, 63 Azadi Str., 
744000 Ashgabat, Turkmenistan) 
A f t e r recent surveys conduc ted in T u r k m e n i s t a n , i t was 
found that g roundnut can be g r o w n th roughout the coun t ry 
on the sal t- f ree i r r iga ted areas. T h e var iet ies tested y i e l d e d 
1.8-3.8 t ha - 1 . G r o u n d n u t c rop c o u l d eas i ly be g r o w n and 
was resistant to weeds and diseases. H o w e v e r , areas 
in tended f o r th is c rop w o u l d have to be weed - f ree . T h e 
results o f a s tudy o f 1 2 - 1 5 var ie t ies s h o w e d that y i e l ds o f 
V i rg in ia , f l o r unne r , and starr var ie t ies (a l l f r om U S A ) and 
one accession f rom Ind ia , K 1388, we re the h ighest . 
Some e x p e r i m e n t s o n d e v e l o p m e n t o f p r o d u c t i o n 
t e c h n o l o g y have been p e r f o r m e d in T u r k m e n i s t a n on the 
var iety Tashken t -1 . Based on their results, some r e c o m m e n -
dat ions w e r e deve loped rega rd i ng ag ro techn ique o f th is 
c r o p , and a t echno log i ca l m a p o f ac t iv i t ies was p repared . 
G r o u n d n u t i s used i n T u r k m e n i s t a n m a i n l y f o r f o o d 
purposes (as f r i e d snack) , and can be used in pat isser ie 
p r o d u c t i o n by some factor ies that p roduce sweets, cakes 
etc. T h e m a j o r l i m i t i n g factors f o r p r o d u c t i o n o f th is c r o p 
are o f soc ioeconomic nature , i.e., u t i l i za t i on o f m a i n areas 
under the basic crops such as whea t , c o t t o n , a l f a l f a , and 
vegetab les. G r o u n d n u t is no t g r o w n in dekhkan f a r m s 
( n e w l y establ ished p r i va te f a rms ) , but m a i n l y i n sma l l 
h o l d i n g s and sma l l fa rms. 
No research ac t iv i t ies re la t i ng to seed p r o d u c t i o n have 
been done d u r i n g the last 10 years in T u r k m e n i s t a n . In 
fac t , the g e r m p l a s m ava i lab le in the past have been lost , 
and on l y in pr ivate farms this c rop is g r o w n f r o m the loca l l y 
p r o d u c e d seed ma te r i a l , w h i c h has no spec i f i c n a m e . A 
sma l l co l l ec t i on of about 4 var ie t ies exists at the Research 
Ins t i tu te o f A g r i c u l t u r e and W a t e r M a n a g e m e n t i n 
Tu rkmen i s tan . 
Cer ta in characters o f g r o u n d n u t c r o p such as compara -
t i ve ly h igher y ie ld potent ia l , easy -g row ing techn iques , and 
h i gh l y desirable taste and nu t r i t i ve qual i t ies are m a k i n g th is 
c rop ve ry a t t ract ive fo r ag r i cu l tu ra l p r o d u c t i o n and fo r the 
p rocess ing indus t ry i n T u r k m e n i s t a n . 
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